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ABSTRACT
There is a  need to eliminate the least accurate  of the existing 
equations for anthropom etrical body density  prediction and 
support for the  u se  of specific prediction equations over 
generalized equations. The purpose of the investigation w as to 
exam ine the  accuracy of the Jackson-Pollock (JP) and Durnin- 
W omersley (DW) generalized anthropom etrical body density 
prediction equations in relation to indices of overall fa tness, 
regional fat distribution and  body proportionality. The 
relationships betw een prediction accuracy  (predicted body density 
minus hydrodensitom etric estim ate of body density) and three 
m a ss /s ta tu re  indices (total fa tn e ss  indices), w aist-to-hip 
circum ference ratio (W C/HC)(android/gynoid fat distribution) and 
the  th ree  com ponents of the  H eath-Carter som atotype (body 
proportionality) w ere exam ined. If the  prediction equations were 
truly "generalized", no relationship betw een prediction accuracy 
and any of th ese  indices should exist, rather accuracy should be 
random  acro ss the range of any index. Forty-five C aucasian m ales 
w ere recruited so  that they w ere all similar with respec t to age
xiii
and overall adiposity to those  subjects from which the JP  and DW 
equations w ere derived. Results revealed no relationship (p>0.05) 
between JP  accuracy and any of the fatness indices, WC/HC or the 
som atotype. Similar results w ere found to exist with regards to 
the DW accuracy relationship with the fa tness indices and WC/HC 
(p>0.05). The accuracy of the DW equation w as found to be 
significantly (p<0.05) related to the  com ponents of the 
somatotype. The accuracy of the DW equation changed 
significantly a s  the com ponents of the som atotype changed. Based 
on these  results, it ap p ea rs  that the JP  equation is accurate for 
generalized use  ac ro ss  total adiposity a s  reflected by the m ass/ 
sta tu re  indices, regional fat distribution a s  reflected by WC/HC 
and body proportionality a s  reflected by the som atotype. The DW 
equation also appears to be  accurate  for generalized u se  across 
the total fatness and regional fatness indices. However, the DW 
equation is not generalized acro ss a  range of body 
proportionalities and  its u se  a s  a  "generalized" prediction 
equation is not recom m ended on a  sam ple that varies from the 
original derivation sam ple with respect to body proportionality.
CHAPTER I: INTRODUCTION 
Body composition is the description of the human body's 
structural com ponents. While different m odels a re  used  to 
describe the body's constitution, the  m ost commonly cited model 
is comprised of fat m ass, m uscle m ass and bone m ass (McArdle, 
Katch & Katch, 1991). Often this model is simplified even further 
into a  two-com ponent model com prised simply of fat m ass and 
fat-free m ass. The quantification of body composition is 
important for a  variety of reasons. However, the m ost critical 
reason  is the  strong relationship betw een overfatness and obesity 
with a  variety of health problem s including chronic impairment of 
cardiac functioning (Alexander & Peterson , 1972), hypertension 
(Backman, Freyschur, Hallberg & Melcher, 1972), stroke (Forbes, 
Prochaskey & Weitkamp, 1988; Stern, Johnson, Batchelor, Zucker & 
Hirsch, 1975), renal d isease  (Weisinger, Kempson, Eldridge & 
Sw enson, 1974), gallbladder d isease  (Mabee, Meyer, D enbester & 
Mason, 1976), pulmonary dysfunction (Barlett & Buskirk, 1983), a  
variety of can cers  (Sim opoulos, 1987), hyperlipidemia (R ossner & 
Hallberg, 1978), irregular/abnorm al m enstruation (National
1
2Institute of Health, 1985), and  psychological d is tress/ 
dysfunction (Bray, 1986).
As is evident, the direct m easurem ent of a  body's composition 
is not possible on the  intact human. Therefore, a  number of 
indirect m ethods have been developed over the years to estim ate 
one or more of the com ponents of body composition. One of the 
m ost commonly used  m ethods is the  estim ation of body density 
from anthropom etry from which one or more of the com ponents of 
body composition can be  estim ated. Anthropometric m easurem ent 
techniques such a s  body circum ference m easurem ent, bone breadth 
m easurem ent and skinfold m easurem ent a re  used primarily due to 
their applicability outside the  laboratory setting, relative 
inexpense and strong agreem ent with body density estim ation 
from the  hydrodensitom etric criterion (i.e., hydrostatic weighing). 
The rationale for the  use  of anthropom etric techniques is based  
on the relationship of fat depot size estim ated by anthropom etry 
with internal fat s to res and  body density (P ascale , G rossm an, 
Sloane & Frankel, 1956).
3Anthropometry utilizes the inclusion of certain 
anthropom etric m easu rem en ts in regression equations to predict 
body density (or som e other body composition variable) a s  
determ ined by som e criterion (e.g., hydrostatic weighing). Since 
anthropom etry is an indirect estim ation there  is error involved in 
the prediction of body density. Som e sources of prediction error 
using anthropom etry can be attributed to biological error 
associated  with the model (e.g., assum ptions m ade concerning a  
com ponent of body composition betw een populations), 
m easurem ent error (e.g., failure to utilize standardized  
anatom ical site  location and  m easurem ent techniques) a s  well a s  
error a sso c ia ted  with the  prediction equation utilized. The latter 
source of error is of concern here.
There are  a  num ber of published prediction equations which 
have been  developed for a  variety of populations using a  variety of 
different anthropom etric variables to predict body density  from 
som e criterion. There a re  a  num ber of equations which are 
population specific which m eans that the equations w ere derived 
from certain sam ples (e.g., a  sam ple characterized by a  physical
4activity level or overall fa tn ess , specific athletic populations, 
populations of a  certain race, d iseased  populations, etc.) and are  
not applicable to other populations b a sed  on biological factors 
which influence the anthropom etry/body com position relationship. 
The u se  of such equations on subjects from populations other than 
the  population intended would confound prediction error based  on 
biological factors and  m easurem ent b ased  error (Sinning & Wilson, 
1984) However, certain prediction equations have been  developed 
to be generalized to broader populations acro ss  a  large age  and 
adiposity range for a  specific gender. While it is the  consensus 
opinion that prediction equation choice be  b ased  on the specific 
sam ple being a s se s se d  (Lohman, Roche & Martorell, 1988) the 
generalized equations are  commonly used  (Hearon, Wolfe & Bobo, 
1991).
As has been  sta ted , the  choice of prediction equation is 
critical in the  accuracy  of predicting body com position from 
anthropom etry. Given the num ber of prediction equations 
available for use, the question m ust be asked, "Which equation is 
the  m ost accu ra te  for my subject/sam ple?" In an attem pt to
5make choosing an equation easier, experts in the a rea  of body 
composition a sse ssm e n t research  have attem pted to s te e r  the 
focus of anthropom etry research  away from developing more 
prediction equations and  focus attention on the  elimination of the 
least accura te  existing equations (Lohman, 1992; Schoeller & 
Kushner, 1991). This can  entail attem pting to cross-validate 
those  equations which have not been  properly cross-validated 
(Lohman, 1981). In the developm ent of certain equations the 
selection of the sam ple might ignore som e characteristics which 
if were taken into account might reveal short com ings of an 
equation with regards to accuracy or validity. The elimination of 
certain equations from the pool of available equations could 
include the  examination of an equation 's accuracy within the 
equation 's desired  population when som e previously ignored 
characteristic  is considered . Also, the  future developm ent of 
generalized equations has been discouraged and the developm ent 
of very specific equations with regards to age, gender, race, fat 
distribution and physical activity level has been  encouraged 
(Lohman, 1992).
6Rationale
Based on the need to eliminate the least accurate of the 
existing equations for predicting body com position variables from 
anthropom etry and the current support for the  u se  of specific 
prediction equations over generalized equations, this 
investigation exam ined the  accuracy of two of the more commonly 
used  generalized equations. The accuracy of both the Jackson- 
Pollock (1978) and the Durnin-W omersley (1974) equations were 
exam ined utilizing a  sam ple which w as drawn from the sam e 
population from which both of the equations w ere developed. 
Additionally, consideration w as given to certain  indices of overall 
fa tness, body physique/proportionality and regional fat 
distribution which w ere not considered when the generalized 
equations were derived.
Purpose
The purpose of the experim ent w as to exam ine the accuracy of 
commonly used generalized equations for predicting body density 
from anthropom etric m easurem ents and age  in m ale subjects. 
Specifically, the study exam ined the accuracy of both the
7Jackson-Pollock (1978) and Durnin-W omersley (1974) equations 
and  the  relationship betw een that accuracy and various indices of 
overall fa tn e ss , body physique/proportionality and regional fat 
distribution.
H ypotheses 
Null H ypotheses 1A-1E 
There is no significant relationship betw een the accuracy of 
the  Jackson-Pollock (1978) generalized  equation for predicting 
body density in m ales and:
A), the com ponents of the H eath-Carter (1967) 
anthropom etric som atotype
B.) WC/HC
C.) BM/BS? (Body M ass Index)
D.) BM/BS3
E.) BM0.33/BS
In hypotheses 1B-1E BM=body m ass (kg), BS-body stature (m), 
W C«waist circum ference (cm) and HC=hip circum ference (cm). If 
the Jackson-Pollock equation is truly generalized then no 
significant relationship should exist betw een equation accuracy
8and any of the  indices (i.e., fail to reject null hypotheses) since 
the  sub jects m easured  all fall within the population from which 
the  original equations w ere derived. We would expect a  random 
scatter of observations throughout the range of the independent 
variable being exam ined (i.e., no trend in the accuracy across the 
independent variable). If a  significant relationship is found to 
exist betw een the equation 's accuracy and one or more of the 
independent variables (i.e., reject one or more of the  null 
hypotheses) then the capacity of the equation to be  truly 
generalized m ust be questioned with respect to the independent 
variable(s) with which the accuracy is related. However, 
consideration m ust be  given to the nature of the  departure from 
accuracy, a s  a  significant relationship might be found betw een 
equation accuracy and an independent variable but the overall 
range of inaccuracy might be  adequate  (as determ ined by the 
original accuracy of the  cross-validated equation) ac ro ss  the  full 
range of the independent variable.
9EJutLHyp.Pthg.sas.. 2A:2E 
There is no significant relationship betw een the accuracy of 
the  Durnin-W omersley (1974) generalized  equation for predicting 
body density in m ales and:
A), the  com ponents of the Heath-Carter (1967) 
anthropom etric som atotype
B.) WC/HC
C.) BM/BS2 (Body M ass Index)
D.) BM/BS3
E.) BM0.33/BS
In hypotheses 2B-2E BM=body m ass (kg), BS=body stature (m), 
WC=waist circum ference (cm) and HC=hip circum ference (cm). If 
the Durnin-Womersley equation is truly generalized then no 
significant relationship should exist betw een equation accuracy  
and  any of the indices (i.e., fail to reject null hypotheses) since 
the  sub jects to m easured  all fall within the  population from 
which the original equations were derived. We would expect a  
random  scatter of accuracy observations throughout the  range of 
the  independent variable being exam ined (i.e., no trend in the
accuracy acro ss  the  independent variable). If a  significant 
relationship is found to exist betw een the equation 's accuracy and 
one or more of the independent variables (i.e., reject one or more 
of the  null hypotheses) then the  capacity of the equation to be 
truly generalized  m ust be  questioned with respect to the 
independent variable(s) with which the  accuracy  is related. 
However, consideration m ust be  given to the nature of the 
departure  from accuracy, a s  a  significant relationship might be 
found to exist betw een equation accuracy and an independent 
variable but the overall range of inaccuracy might be adequate  (as 
determ ined by the original accuracy of the  cross-validated 
equation) acro ss the full range of the independent variable.
D e lim ita tio n s /L im ita tio n s  
A delimitation of the study is that the  accuracy of the 
generalized  prediction equations w ere exam ined considering only 
certain variables which appear to have been ignored when 
selecting the sam ple from which the equations w ere derived.
O ther sam ple characteristics might also  be related to the  
accuracy of the  equations. Also, just a  few g ross indicators of
11
overall fa tn e ss , physique/proportionality and regional fa tn ess  
w ere utilized. There a re  other variables which might reflect 
th e se  characteristics which in som e c a s e s  might be more precise 
but less practical in an  applied setting than the  m easurem ents 
chosen.
While a  num ber of generalized body density equations exist, 
the study w as delimited to examining the two more commonly 
used  generalized  prediction equations (i.e., Jackson-Pollock 
(1978), Durnin-Womersley (1974)). This observation is based  on 
survey research  which indicates the common use  of one or both of 
th e se  equations by university exercise  physiologists (Hearon et 
al., 1991).
The u se  of the waist-to-hip ratio (WC/HC) a s  an independent 
variable  reflective of regional fat distribution w as a  delimitation 
of the study. While WC/HC has been used a s  an indicator of 
regional fat distribution in the p a s t (Lohman e t al., 1988), it is 
certainly a  g ross estim ate. More advanced technology (e.g., dual 
energy x-ray absorptiom etry, com puted tom ography, m agnetic 
resonance  imaging) can yield more accura te  descriptions of
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regional fat distribution than  any anthropom etrical technique 
(Lohman, 1992).
D efin itions
A ccuracy
The accuracy of the generalized equations were quantified by 
the  difference betw een body density estim ated from the equations 
and body density obtained from the criterion (i.e., hydrostatic 
w eighing)(anthropom etric body density  minus hydrostatic 
weighing body density).
A nthropom etry
Anthropometry is the m easurem ent of the human body's size, 
dim ensions and proportions (Fox, Bowers & Foss, 1993) utilizing 
techniques such a s  body circum ference m easurem ent, skinfold 
m easurem ent and bone breadth/diam eter m easurem ent.
Body-Density
Body density is the m ass per unit volume of the human body 
and is expressed  a s  g-m M .
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J M y  M ass
Body m ass is the  body's quantity of matter that is reflected in 
its inertia and is exp ressed  in the base  unit kg (Fox e t al., 1993). 
Historically, the term s body weight and body m ass have been used 
interchangeably within the study of body composition. For clarity, 
the  term body m ass is used  throughout the text.
Bfidy_SMyis
Body sta tu re  is the body's height or tallness when standing 
(Taylor, 1988). Historically, the term s body height and body 
sta tu re  have been used interchangeably within the study of body 
composition. For clarity, the  term body stature is used throughout 
the text.
S om ato type
A som atotype is the body type or physical classification based  
on physique and proportionality of the human body (Fox e t al.,
1993; Lohman et al., 1988). One of the  more commonly used 
som atotypes is that of Heath and Carter (1967) which employs a  
variety of anthropom etric m easurem ents to derive the three 
com ponents of the som atotype. The three com ponents of the
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H eath-C arter anthropom etric som atotype a re  the  endom orphic 
com ponent (i.e., the  roundness, softness, fa tness com ponent of the 
body w here very little m uscle relief is present), the  m esom orphic 
com ponent of the body (i.e., thick m usculature com ponent) and the 
ectom orphic com ponent (i.e., the  linear, fragility, th inness 
com ponent). In m ost hum ans all three com ponents, to som e 
degree, will be  used to describe the som atotype.
CHAPTER II: LITERATURE REVIEW 
Body Composition 
As sta ted  previously, body composition is the description of 
the  hum an body's structural com ponents. The composition of the 
hum an body can be described in a  traditional two-com ponent 
model or in one of many multi-component m odels (Fox e t al.,
1993; Lohman, 1992). The primary model for body composition 
partitioning is the  elem ental model. This model is a  multi- 
com ponent model w here the body m ass is reconstructed in relation 
to its elem ental makeup. According to the International 
Committee on Radiology (1975) the reference human body is 
com prised primarily (>99.00% of body m ass) of six elem ents: 
oxygen, carbon, hydrogen, nitrogen, calcium and phosphorus. While 
the  a sse ssm e n t of the elem ental model has historically been 
conducted  in vitro, it is now possible to estim ate som e of the 
e lem ents of body composition in vivo. However, the m ethods used 
to estim ate  th ese  elem ents, a s  will be d iscussed  later, a re  not 
very practical. More common is the general chem ical model of 
body composition w here the  body is partitioned into fat, protein,
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glycogen, w ater and  mineral content. This model is often 
simplified into fat and fat-free m ass  (protein, w ater, mineral) 
(Heymsfield, Lichtman, Baum gartner, Dilmanian & Kamen, 1992). 
Still there  a re  other m odels such a s  the  fluid/metabolic model 
w here the body is partitioned into fat, body cell m ass, 
extracellular solids and  extracellular fluids a s  well a s  the 
anatom ical model w here fat-free m ass is subdivided into skeletal 
m uscle, visceral soft tissue  and o sseo u s  mineral (Heymsfield e t 
al., 1992). However, th ese  m odels, similar to the  elem ental 
model, a re  not commonly used in practical body composition 
a sse ssm en t. Therefore, the  chem ical model will be  of interest 
here.
Traditional Tw o-Com ponent Model
The traditional two-com ponent model for describing body 
composition partitions the  body into fat m ass and fat-free m ass. 
Fat M ass
Fat m ass can be subdivided into essential fat m ass and storage 
fat m ass. Essential fat is that fat required for normal 
physiological functioning and  is som etim es referred to a s
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physiological fat. Essential fat is com prised of tha t fat contained 
in the marrow of bones, lungs, spleen, kidneys, nervous system , 
heart, liver, intestines and  m uscles (McArdle e t al., 1991). 
G ender-specific fat is a lso a  large portion of essen tia l fat in 
fem ales. Essential fat com prises approximately 3.00%  and  12.00% 
of body m ass in the  "reference" m ale and  fem ale, respectively 
(Katch & Katch, 1984; McArdle e t al.)(Table 1).
S torage fat is that fat contained in adipose tissue. O ne role of 
storage fat is to protect the  body against physical traum a. Fat a s 
a  padding is evident both on a  superficial level with subcutaneous 
fat (i.e., that fat held just below the surface of the skin) and with 
respec t to protecting th e  internal o rgans via internal fat stores. 
S torage fat is also used  a s  an energy substra te  and is critical in 
therm oregulation of the body (both sto rage and essential fat).
As the nam e implies, fat-free m ass encom passes the portion 
of a  body's m ass that is not fat (either essential or storage) or 
the body's m ass minus all extractable fat (Brozek, G rande, 
Anderson & Keys, 1963). This includes muscle m ass and bone
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m ass. In the past, the  term lean body m ass has been used 
interchangeably with the  term  fat-free m ass. However, this is 
not correct a s  lean body m ass contains som e essential fat and is 
therefore g rea te r than fat-free m ass. Therefore, when addressing  
the  traditional tw o-com ponent model, fat m ass and fat-free m ass 
should be used a s  opposed to fat m ass and lean body m ass 
especially when using a  densitom etric m ethod to estim ate body 
composition a s  will be d iscussed  later (Lohman, 1992). Table 1 
details the absolute fat-free m ass by bone and m uscle content a s  
well a s  the percent of body m ass com prised of th ese  fat-free 
m ass com ponents.
Body .Density
W hen referring to the traditional two-com ponent model of body 
composition it is usually assum ed  that the two com ponents have 
been  estim ated from body density. In describing the  relationship 
betw een body density and adiposity, Siri (1961) calculated the
density of fat m ass to be 0.90 g ml-1 and the density of fat-free
m ass to be 1.10 g-ml-1 . Given these  constants and the knowledge 
that the  specific volume of the  body (1/body density) can  be
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derived from the specific volume of the com ponent parts of the . 
body (fat m ass/fat m ass density  and  fat-free m ass/fat-free 
m ass density), the relationship betw een body density and fa tness 
can be exp ressed  by the following equation (Heymsfield e t al., 
1992):
1/Db = fF/Dfm + FFM/Dffm
w here Db=body density (g m M ), fF=the fraction of fat in the body,
Dfm=the density of fat m ass (g-m M ), FFM=fat-free m ass (g) and
Dffm=the density of fat-free m ass (g -m H ). When the known 
values for fat m ass density and  fat-free m ass density are  
utilized and we can solve for percent body fat (Siri, 1961):
%BF = [(4.95/Db) - 4.50] x 100
w here % BF=percent body fat, Db=body density (g-m M ).
It is important to note that the assum ptions m ade concerning 
the  "constant" densities of fat m ass and fat-free m ass, a s  is 
d iscussed  later, a re  the  basis for the  majority of the  questions 
concerning the validity of such equations for use  across ages, 
genders, races, etc..
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Table 1. Body composition for the reference male and female*.
V ariable (unit) Male Female
Age (yr) 2 0 .0 0 -2 4 .0 0 2 0 .0 0 -2 4 .0 0
Body S tature (cm) 170 .00 163 .80
Body M ass (kg) 7 0 .00 5 6 .70
Total Fat
Absolute M ass (kg) 10 .50 15 .30
Percent of Body M ass (%) 15 .00 2 7 .0 0
Storage Fat
Absolute M ass (kg) 8 .40 8 .5 0
Percent of Body M ass (%) 12 .00 15 .00
Essential Fat
Absolute M ass (kg) 2 .1 0 6 .80
Percent of Body M ass (%) 3 .00 12 .00
M uscle
Absolute M ass (kg) 3 1 .30 2 0 .40
Percent of Body M ass (%) 4 4 .8 0 3 6 .0 0
Bone
Absolute M ass (kg) 10 .40 6 .80
Percent of Body M ass (%) 14 .90 12 .00
R em ainder
Absolute M ass (kg) 17 .60 14 .10
Percent of Body M ass (%) 2 5 .30 2 5 .0 0
‘McArdle e t al. (1991)
Other Two-Component Models 
O ther two-com ponent models not requiring knowledge of body 
density  have been  developed utilizing m easurem ents of total body 
w ater content and body mineral content. Som e of the more 
commonly cited m odels a re  described in the  following sections.
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W ater Content and  W ater Goolent/Eat-Free M ass
B ased on the  assum ption that total body w ater is a  constant 
fraction of fat-free m ass (Heymsfield, W ang, Lichtman, et al., 
1989) the  following equation to estim ate fat-free m ass can be 
derived (Heymsfield e t al., 1992):
FFM = TBW/0.732 
w here FFM=fat-free m ass (kg) and TBW=total body w ater content 
(I). The denom inator (0.732) of the  equation is the value 
representing  the  relationship betw een total body w ater and fat-
free m ass (i.e., TBW/FFM=0.732 Ik g -1) a s  suggested  from cadaver 
evaluation conducted by G undersen and Shen (1966).
Potassium  Content and  Potassium  _Content/Fat-Free M ass 
An equation utilizing a  specific body mineral content is 
possible assum ing a  relationship similar to the total body 
w ater-fat-free m ass relationship exists. With potassium , which 
is contained solely in fat-free m ass, there  is a  constan t 
relationship betw een the  average  quantity of potassium  contained 
in fat-free m ass and total body potassium  (Forbes, Gallup & Hursh, 
1961; Heymsfield, W ang, Lichtman, e t al., 1989). Given this
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co n stan t the  following equation for predicting fat-free m ass can  
be derived (Heymsfield e t al., 1992):
FFM « TBK/c
w here FFM=fat-free m ass (kg), TBK=total body potassium  (mmol) 
and c=the quantity of potassium  (mmol) per unit (kg) of fat-free 
m ass that is a  constant b ased  on age  of the subject (Forbes et al., 
1961; Heymsfield, W ang, Lichtman, e t al., 1989).
MyJLLCmnp.QPe.nt M odeis
In recent years, questions have been raised concerning the 
validity of th e  traditional tw o-com ponent m odel for estim ating 
body composition based  on the previously m entioned assum ptions 
concerning the  densities of the  two com ponents. As a  result, 
som e resea rch ers  have developed multi-component m odels that 
breakdow n fat-free m ass further into w ater content and mineral 
content. Siri (1956; 1961) a s  well a s  Bakker and  Struikenkamp 
(1977) exam ined variation in body density estim ates, from which 
the two com ponents of body composition a re  estim ated, from the 
chem ical and  anatom ical viewpoints. In general, both studies 
concluded tha t variations in total body w ater content,
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protein-m ineral content (Siri) and skeletal density  (Bakker & 
Struikenkamp) led to an error in body density estim ation of
approxim ately 0.00535 g-m M  or about 4.0% fat. Various multi- 
com ponent m odels have been  developed that predict percent body 
fat from m odels that utilized body density coupled with 
m easu rem en ts of total body w ater (related to m uscle m ass) 
and/or body mineral content (related to bone m ass). O sseous 
mineral content (i.e., bone mineral content) com prises betw een 
82.0-87.0 % of total body mineral content (Brozek e t al., 1963; 
Heymsfield, W ang, Kehayias et al., 1989). Consequently, 
nonosseous mineral com prises the rem ainder of body mineral 
content.
Density and W ater Content
Siri (1956; 1961) first proposed the  following equation for 
u se  when m easurem ent of total body w ater w as possible:
%BF -  [(2.118/Db) - 0.78w - 1.354] x 100
w here % BF=percent body fat, Db=body density (g-m H ) and w=the 
fraction of w ater in the body. Siri claim ed that the above 
equation would d ecrease  the  estim ate error of percent body fat
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from body density from ±4.0%  fat to ±2.0 % percent fat on average 
and his claim has been supported in subsequen t validation studies 
(Slaughter e t al., 1988; Van Loan e t al., 1990).
Density and  Mineral Content
Lohman (1986) derived a  similar equation when an estim ate of 
mineral content of the  body w as possible:
%BF = [(6.386/Db) + 3.961m - 6.090] x 100
w here % BF=percent body fat, Db=body density (g m H ) and m=the 
fraction of total mineral in the body.
D ^ i t y ^ Water-G oDteiit andJVIiDsraLi&DMQl
Lohman (1992) reported a  previously unpublished equation that 
utilizes both w ater content and mineral content with body 
density  to predict percent body fat:
%BF = [(2.747/Db) - 0.714w + 1.146b - 2.0503] x 100
w here % BF=percent body fat, Db=body density (g m l-1), w=the 
fraction of w ater in the body and b=total bone mineral content
(g ml"1). Total bone mineral content (osseous mineral) is often 
used  a s  an indicator of total body mineral content (o sseous and 
nonosseous mineral) with the  assum ption tha t nonosseous mineral
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content ch an g es in proportion to o sseo u s mineral content (Lohman, 
1992). The above equation w as shown to yield results more 
closely rela ted  to anthropom etrically estim ated  percen t body fat 
in children (Slaughter et al., 1988) and Lohman (1992) su ggests  
tha t such a  m ulti-component model might be  a  better criterion 
than fa tness  estim ates from body density alone. However, this 
equation has yet to be validated according to published 
recom m endations (Lohman, 1981).
Regional Distribution of Body Fat
Vague's System.
The human body does not deposit fat in a  hom ogeneous fashion 
but in a  regional manner. As w as mentioned previously, adipose 
tissue  is deposited  both internally (visceral fat) and 
subcutaneously . More detectab le  is the specific regional 
deposition of subcu taneous fat. Vague (1947) first described the 
android and gynoid fat depots. The gynoid depot is that fat 
s to rage  found primarily in the gluteo-femoral region of the body 
and the android depot is that fat located primarily in the  upper 
extrem ities and  especially the  abdominal region. Given the
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prevalence of th ese  patterns of deposition by gender, android 
fa tn e ss  is often term ed m ale-pattern fa tn ess  while gynoid 
deposition is referred to a s  fem ale-pattern fatness.
While V ague's (1947) system  of regional fat distribution has 
been  around for som e tim e it did not draw significant attention of 
research ers  until the 1980s (Bjorntorp, 1992). The reason for the 
in terest in the  regional distribution of ad ipose  tissue  is the 
reoccurring evidence supporting a  strong relationship betw een 
android obesity (i.e., ex cess  adipose tissue storage in the android 
region) and a  num ber of health problems. As eluded to in Chapter 
I, android obesity has been  determ ined to be a  risk factor for 
ang ina pectoris, myocardial infarction, hypertension, stroke and 
non-insulin dependen t d iabe tes mellitus a s  well a s  o ther health 
problem s (Bjorntorp, 1988).
While the size of the android fat depot has been associated 
with a  num ber of health disorders, it has been suggested  that the 
actual risk factor is not solely the  subcutaneous fat in the 
android depo t but rather the  visceral fat assoc ia ted  with android 
deposition (Bjorntorp, 1990). Specifically, the visceral abdom inal
27
ad ipose  tissu es  drained by the  portal circulation (om ental and 
m esenteric  ad ipose tissues) have been  m entioned with respect to 
risk of d isease . However, visceral fat depot size is difficult to 
m easure  and is often estim ated from subcutaneous abdominal 
m easurem ents (Lohman, 1992). The accuracy of such 
subcu taneous estim ates of visceral fat in the  android region has 
been questioned in recent years (D espres et al., 1990) and 
research  is ongoing (Lohman, 1992).
Epul,Depot System
In 1981, Lohman expanded on V ague's system  in greater detail 
and  p resen ted  estim ates of fat distribution for the  reference 
m ale and fem ale with respect to the four fat depots of the body: 
interm uscular fat, intram uscular fat, subcu taneous fat and 
visceral fat (Table 2). Lohman also reiterated that com parisons 
betw een  cen tral-periphera l fat distribution, upper-low er trunk 
fat distribution (both visceral and  subcutaneous) and 
subcu taneous-v iscera l fat distribution is currently done  via 
a sse ss in g  subcu taneous fat a s  the  other th ree  depots a re  either 
too sm all (intra-m uscular, inter-m uscular), too difficult to
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m easure  (visceral) or both. Along with Lohman, other studies that 
prefer to exam ine regional fat distribution in th is m ore detailed 
fashion ag ree  that the  lack of practical m ethods for m easuring 
internal fat, specifically in the  android region, is the  major 
research  limitation at this point (D espres e t al., 1990). The 
a s se s sm e n t of regional fa tn ess  and specifically visceral fat depot 
size  is d iscussed  in the  next section.
Table 2. Fat distribution for the  reference male and female*.
V ariable (unit) Male Female
Body M ass (kg) 7 0 .00 56 .80
Total Fat
Absolute M ass (kg) 10 .30 15.30
Percent of Body M ass (%) 14 .70 2 6 .90
Essential Fat M ass (kg) 2.10 4.90
S torage Fat M ass (kg) 8.20 10 .40
Subcutaneous Fat M ass (kg) 3.10 5.10
Interm uscular Fat M ass (kg) 3.30 3.50
Intram uscular Fat M ass (kg) 0.80 0.60
Visceral Fat M ass (kg) 1.00 1.20
*Lohman (1981)
Body Composition A ssessm ent 
As is evident, m easurem ent of body composition is not 
possib le in the  intact hum an (i.e., direct m easurem ent via 
segm entation). However, there  a re  a  num ber of indirect m ethods
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available that allow estim ation of one or more com ponent of body 
composition. A num ber of the  more commonly cited m ethods of 
body com position estim ation will be d iscussed  in the  following 
sections.
M agnetic-BasQnance-lmaainQ-and Computed Tomography 
Scanning procedures via computed tomography (CT) and 
m agnetic resonance  imaging (MRS) yield similar cross-sectional 
visual im ages of adipose tissue and lean body m ass. Such 
scanning procedures are  usually conducted on specific regions of 
the  body and, with the  appropriate com puter software, 
quantitative values for fat volum es for each  region a s se s s e d  can 
be estim ated (Seidell, Bakker & van der Kooy, 1990). Even though 
MRI and CT-scanning are used  on a  regional basis on the body, 
estim ates of total body adiposity can be m ade by scanning 
multiple sections of the  body and summing each  section 's fat 
volume. Once an estim ate of total body fat volume has been m ade 
fat m ass can be estim ated assum ing a  constant fat m ass density
of 0.90 g m l’ 1 (Siri, 1961).
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The degree  of accuracy of MRI and CT-scanning for estimating 
the  traditional two-com ponent model of body composition has 
been  shown to by very high especially with respect to MRI 
(Sjostrom, Kvist, Cedarbald & Tylen, 1986). Also of importance is 
the fact that MRI and CT-scanning are  currently the only m ethods 
of a sse ss in g  visceral fat in the abdom inal region (Fujioka, 
M atsuzawa, Tokunaga & Tarui, 1987; Seidell e t al., 1990) which is 
of g rea t im portance from a  epidemiological standpoint a s  
mentioned previously. However, while the use of MRI and CT- 
scanning to a s s e s s  visceral abdominal fat is encouraged with 
respec t to the exam ination of regional fat distribution (D espres et 
al., 1990; Lohman, 1992), this is not practical in m ost settings.
Limitations regarding the  use of MRI and CT-scanning for 
adiposity estim ation certainly d o es  not stem  from it’s accuracy or 
validity. Rather, the  cost, time requirem ent and potential risk to 
subject health (CT-scanning entails subject exposure to 
considerable radiation) a re  the reasons these  techniques a re  not 
generally available for u se  outside of major clinical research  
environm ents. Another draw back in a  practical setting is the fact
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that current MRI and CT-scanning technology are  limited in the 
size of subjects that can be  a s se s se d  which leaves a  large portion 
o b ese  subjects/patien ts unable to be a s se s s e d  via th ese  
techniques (Jensen , 1992). Finally, large sca le  validation studies 
on these  two techniques have not been conducted due to the 
aforem entioned limitations (Lohman, 1992).
Total _Body_ElectricaLCQn_ductMjy_ and 
Bioelectrical Im pedance Analysis 
Total body electrical conductivity (TOBEC) a s  method for 
a sse ss in g  body composition d epends on the  hydration properties 
of the  com ponents of the  body and the ability of certain tissues 
to conduct electrical energy from certain radio frequencies based  
on th e se  properties. Specifically, the  body is p assed  through an 
coil electrom agnetic field and a  m easurem ent of the change in 
coil conductance and capacitance relative to an empty coil field is 
m ade (Harrison, 1987). The m easurem ent of these  changes in 
electrical im pedance allows for prediction of fat-free m ass given 
the  hydration s ta tu s  of fat-free m ass (high w ater content) 
com pared to that of fat m ass (low w ater content) and  the
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facilitation of electric flow through hydrated tissue  b ased  on the 
higher electrolyte content associated  with this tissue.
Bioelectrical im pedance analysis (BIA) is similar to TOBEC in 
that the  change in electrical flow through the body is altered by 
body com position but in BIA the electrical current is directly 
introduced into the  subject. Electrical currents a re  introduced 
through the e lectrodes placed distally on subjects hands and feet 
while the  resistance  to electrical flow is m easured  by electrodes 
placed proximally. An estim ate of fat-free m ass volume is m ade 
b ased  on the  relationship betw een fat-free m ass and the resistive
index (i.e., BS2/R w here BS=body stature (cm) and R=electrical 
resistance  (ohms)). Simply put, the  volume of a  conductor (fat- 
free m ass or more specifically, total body water) is assoc ia ted  
with the  length of the  conductor (body stature) and its im pedance 
which is m easured  (Lukaski, 1987).
The consensus opinion is that TOBEC is an accurate and reliable 
m ethod for a sse ss in g  body composition a s  well a s  being practical 
from of an administration point of view (Cochran e t al., 1988; 
Horswill e t al., 1989). Early research  claimed that TOBEC could
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estim ate percen t fa tn ess  within ±3.80%  fat (Segal, Gutin, P resta , 
Wang & Van Itallie, 1985) but the later studies, m entioned 
previously, show ed even sm aller standard  errors of prediction. 
However, w hen com pared  to BIA, m ore validation/cross-validation 
research  ac ro ss  populations examining the  prediction equations 
used to predict body composition variables a re  needed (Van Loan, 
Segal, Bracca, Mayclin & Van Itallie, 1987). Also, electrolyte 
im balance tha t might occur with som e health d isorders can alter 
readings from TOBEC (Lukaski, 1987). The technique itself is 
quick, sa fe  and  p resen ts  sub jects with minimal discomfort.
TOBEC also allows for whole body assessm en t of body 
composition and  can be used  to estim ate total body water.
However, limitations include accuracy problem s related to body 
proportionality/physique variation (Harrison & Van Itallie, 1982) 
a s  well a s , similar to MRI and CT-scanning, the extremely 
cum bersom e nature and expense  of the equipm ent required.
The research  examining the accuracy of BIA for predicting 
fat-free body m ass reveals a  wide array of results. S tandard 
fat-free m ass prediction errors a s  low ±2.00 kg (Lukaski, M endez,
34
Buskirk & Cohn, 1986) and a s  high a s  ±5.10 kg (Jackson, Pollock, 
G raves & Mahar, 1988) have been reported. Despite the  variation 
in BIA accuracy betw een studies, the  reliability of body 
composition estim ates obtained is high (Lukaski et al., 1986; 
Segal e t al., 1985). In general, the consensus opinion on BIA a s  a  
tool for estim ating body composition (fat-free m ass, body 
density, total body water) is currently questionable b ased  on the 
num ber of problem s assoc ia ted  with the technique. The first 
problem a rises with the BIA assum ptions that the body is 
hom ogeneous with respect to composition, segm ental cross- 
sectional size and density distribution. T hese assum ptions can 
not be assu red  in the human body (Fox e t al., 1993). Other 
problem s arise  with respec t to accuracy based  on methodological 
error (e.g., electrode placem ent consistency) and hydration level 
of subjects (Fox e t al., 1993). While som e researchers claim that 
BIA is considerably more accurate  than anthropom etry (Kushner & 
Scholler, 1986; Lukaski e t al., 1986) other larger studies reveal 
tha t BIA offers little increased  accuracy over considerably more 
practical skinfold a sse ssm e n ts  (Segal, Van Loan, Fitzgerald,
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Hodgeson & Van Itallie, 1988). The discrepancies regarding the 
accuracy of BIA possibly stem s from the lack of standardization 
for prediction equations for u se  with BIA com puter software. 
However, m ost researchers do ag ree  that BIA holds g rea t 
potential for a sse ss in g  ch an g es in body composition especially 
during weight loss program s when com pared to anthropom etry 
(Kushner et al., 1990). With the developm ent of new BIA 
technology (i.e., multi-frequency analyzers) if is hoped that the  
accuracy and consistency of BIA for use a s  a  safe, convenient, 
portable m eans of a sse ss in g  body composition (Lohman, 1992) 
will improve. As w as sta ted  earlier, the potential for BIA a s  a  
detector of body composition changes over time is g rea t but som e 
resea rch e rs  have fundam ental problem s with BIA's perform ance 
with respect to minor body composition changes (M azess, Barden, 
Bisek & Hanson, 1990; Schoeller & Kushner, 1991). It is also 
expected  that the  new multi-frequency analyzers could shed  light 
on th ese  questions a s  by enabling the separation of extracellular 
and total body w ater (Segal e t al., 1991).
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Dual Photon Absorptiometry and Dual Energy X-Rav Absorptiometry
Dual photon absorptiometry (DPA) for use  a s  a  body 
com position a sse ssm e n t technique entails the  scanning of
individuals with photons, generated  by a  gadolinium (i53G d) 
source, a t two different energy levels. The differential 
absorption of the photons is m easured and an estim ate of bone 
mineral content is m ade (Wahner, Dunn, Brown, Morin & Riggs, 
(1988). Percent body fat estim ates can also be m ade based  on the 
relationship betw een photon abso rp tance  and  soft-tissue fat 
con ten t (M azess e t al., 1990) but d iscrepancies in the  reference 
absorption coefficients for fat and fat-free m ass has resulted  in 
the  u se  of DPA primarily for total bone mineral content 
estim ation (M azess, Peppier & Gibbons, 1984). Dual-energy x-ray 
absorptiom etry (DEXA) is b ased  on the sam e principle a s  DPA but 
the photon generator is x-ray instead of gadolinium.
The majority of current validation research  concerning th ese  
two techniques cen ters around DEXA a s  opposed to its p redecessor 
DPA. This appears to be because  the length of time required to 
a s s e s s  individuals via DPA (approximately 70 minutes) com pared
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to DEXA (approximately 10 minutes), the inherent problem s 
associated  with the use  of i53Gd (i.e., gam m a-ray exposure, 
source decay, source replacem ent) and the apparent increase  in 
long- and short-term  precision assoc ia ted  with DEXA when 
com pared to DPA (Gluer e t al., 1990; M azess e t al., 1990). 
R egardless, validation studies have shown very high agreem ent 
with DPA/DEXA and criterion m easurem ents of both percent body 
fat estim ation and bone mineral content. Specifically, percen t 
body fat estim ates have been  shown with estim ate errors a s  low 
a s  ±2.5-4.8% fat (Hansen e t al., 1993; Wang, Heymsfield, Aulet, 
Thornton & Pierson, 1989). Given this g rea t potential for 
accuracy, the use of DEXA has been suggested a s  a  possible 
replacem ent for hydrostatic weighing a s  the  "gold standard" for 
body composition a ssessm en t. However, there  is a  need for larger 
validation and  cross-validation stud ies investigating its accuracy  
(Lohman, 1992).
Drawbacks with the u se  of DPA/DEXA include expensive 
equipm ent, narrow a sse ssm e n t surfaces that prevent the  
a sse ssm e n t of severely o b ese  individuals, radiation exposure and
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lengthy a sse ssm e n t tim es (DPA). O ther sou rces of variation 
assoc ia ted  with DPA/DEXA m easurem ents include body thickness, 
variation in fat distribution (subcutaneous/v isceral) and  essen tia l 
fat variations (H angartner & Johnston, 1990; M azess e t al., 1990). 
Also, th e se  techniques a re  not capable  of yielding m easurem ents 
of density (body or bone mineral) but rather estim ate a rea  and 
content (M azess e t al., 1990). The conversion to density from area  
is one more possible source of error in the body composition 
prediction. The biggest advantages to using DPA/DEXA is the 
capacity  to exam ine total body mineral content for u se  in multi- 
com ponent m odels and the recent advances of using DEXA to 
estim ate  regional distribution of body fat over anthropom etry 
(Going e t al., 1990). The validation of DEXA for u se  in regional fat 
estim ation is in the  early s ta g es  but its accuracy looks promising 
(Lohman, 1992).
Hyd ro mo try
As described earlier, values for total body w ater can be 
incorporated into tw o-com ponent and  m ulti-com ponent m odels to 
predict body composition. Total body w ater can be m easured  via
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isotope dilution techniques based  on the  assum ption that fat is all 
but free of w ater and  tha t fat-free m ass contains a  relatively 
co n stan t proportion of w ater (Jensen , 1992). T racers for total
body w ater determ ination include radioactive w ater (3H 20) 
(Jensen , Braun, Vetter & Marsh, 1988) and  nonradioactive w ater
(2HaO, H2180)(Schoeller e t  al., 1980). After induction of the 
labeled w ater (orally or via injection) an isotope concentration 
m easurem ent, and consequently a  total body w ater m easurem ent, 
can  be m ade from breath, urine or plasm a water. Som e 
researchers  sug g est that the  assum ption of an anhydrous fat m ass 
is m isleading since adipose tissue contains up to 15% w ater by 
w eight (extracellular water)(W ang & Pierson, 1976) and the 
su b seq u en t body composition estim ates misleading. For those 
wishing to estim ate  extracellular w ater to a lter total body w ater 
estim ates, brom ide (Miller, Cosgriff & Forbes, 1989), radioactive 
brom ide (Szeluga, Stuart, Vtermohlen & Santos, 1984) or 
radiosulfate w ashout (W alser, Seldin & Grollman, 1953) can be 
used.
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Overall, the  accuracy of predicting body composition via body 
w ater m easurem ents alone is questionable. As early a s  1961, Siri 
suggested  estim ate errors upward to ±3.6%  fat from body w ater 
predictions assum ing no technical error in the  m easurem ent 
process. O ther research  has indicated grea ter rates of error in the 
neighborhood of ±4.5 % fat (Van Loan e t al., 1990). All in all, it 
ap p ea rs  tha t the  u se  of hydrometry is beneficial in som e multi- 
com ponent models for the estim ate of body composition. The 
technique requires sophisticated equipm ent and  may require the 
purchase of expensive isotopes that m ake this technique unlikely 
for u se  outside of the research  setting. However, the technique is 
relatively sa fe , time efficient and p resen ts  the  sub ject with 
minimal discomfort if s tab le  isotopes a re  utilized. In those 
situations w here rad io tracers a re  utilized, the  cost of testing is 
less expensive, analysis less  complex but the induction of 
radioactive tracers prevents u se  in children and  pregnant fem ales 
(Jensen , 1992).
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Total Body Potassium  Counting
The absence  of potassium  in fat m ass allows for the estim ate 
of fat-free m ass from total body potassium  m easurem ent (Jensen  
e t al., 1988). The procedure entails recording gam m a radiation
em issions from 40K which is a  naturally radioactive isotope of 
potassium . Noninvasive gam m a-ray detecto rs (e.g., four-pi 
counter, scintillation crystal) can  com pare the  radioactivity of 
this potassium  to known am ounts of potassium  for estim ates of 
fat-free m ass in subjects (Garrow, 1982).
For the purpose of m easuring total body potassium  the 
aforem entioned technique is extrem ely accura te  (Jensen , 1992; 
Roche & Chumlea, 1992). However, problems concerning the 
accuracy of predicting body composition from a  two-com ponent or 
m ulti-component model with knowledge of total body potassium  
have been found. Constant values, usually based  on gender 
regard less of age, a re  used  to represen t potassium  concentrations 
in fat-free m ass. However, research  h as suggested  that 
potassium  concentration changes with respect to ag e  (Myhre & 
K essler, 1966). Potassium  concentrations of fat-free m ass have
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also been shown to be dep ressed  in o bese  individuals but the 
anthropom etric ad justm ents have been  shown to correct for this 
problem (Pierson, Wang, Thornton, Van Itallie & Colt, 1984). O ther 
factors can  result in "potassium  wasting" (the u se  of diuretics, 
bulimia and hyperaldosteronism ) and will a lter potassium  
counting (Jensen , 1992). O ther practical limitations include the 
requirem ent that subjects be enclosed  in a  small environm ent for 
a t least 10 m inutes (well shielded, sensitive counters) and up to 
two hours (poorly shielded, less sensitive counters) and the 
relative expense /inaccessib ility  of equipm ent.
  n^aily^ is
W hen using the elem ental model to describe body composition 
in vivo, neutron activation can be used to m easure total body 
nitrogen, phosphorus and calcium (Cohn, Vaswani, Yasumura, Yuen 
& Ellis, 1985). The procedure requires irradiating the  individual 
so  a s  to convert a  portion of the body's nitrogen, phosphorus and 
calcium into radioactive isotopes. The decay  of the radioactive 
isotopes can  then be m easured by the whole body irradiation. This 
procedure is valid and accurate  for what it is designed  to
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estim ate. However, the g rea t expense  of whole body neutron 
irradiators and the exposure  of sub jects to significant am ounts of 
radiation m ake this approach  impractical outside of clinical 
research settings (Cohn et. al, 1985; Jensen , 1992). The use  of 
neutron activation will probably be  limited to body composition 
model developm ent and the  elem ental model in in vitro research.
.U ltrasonography/Infrared In te rac tan ce  
Ultrasonography and infrared interactance both rely on the 
charac teristics of subcu tan eo u s fat-free m ass to reflect or 
sca tter both ultrasonic and infrared w aves. Ultrasound 
a sse ssm e n t entails the  introduction of ultrasonic w aves into one 
or m ore regional sites of the  body and analyzing the reflection of 
the  signals off fat boundaries in the  region a sse sse d . A real-time 
two dim ensional image can then be obtained with the appropriate 
com puter interface (Sloan, 1967). Infrared in teractance u ses  the 
sam e  basic  procedure with a  com puterized spectrophotom eter 
equipped  with fiber-optic probe to transm it electrom agnetic 
radiation into regions of the body. The subsequen t scattered
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energy is m easured  to arrive a t in teractance values to predict 
percen t body fat (Conway, Norris & Bodwell, 1984).
The accuracy of ultrasound has been shown by som e to be a s  
good a s  that of anthropom etry while o thers have shown problem s 
with resp ec t to the  reliability of body com position predictions 
(Chumlea & Roche, 1986; Weits, Van Der Beek & Wedel, 1986). The 
original infrared reactance  study by Conway and her co-workers 
(1984) su g g ested  standard  errors in estim ating percen t body fat 
a t around ±4.0% fat. However, large scale  validation studies using 
infrared in teractance have yet to be conducted. Another problem 
asso c ia ted  with both techniques is the fact that they a s s e s s  body 
com position on a  strictly regional basis. Therefore, significant 
extrapolation of information is required to arrive a t total body 
estim ates of body composition (Lukaski, 1987). From a  practical 
standpoint, portable ultrasonic equipm ent is currently available 
but can  be expensive. Infrared interactance equipm ent is far more 
expensive and rarely found outside of laboratory settings. Also, 
unlike ultrasonography, infrared in teractance requires sub jec ts be
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exposed  to small am ounts of radiation during a sse ssm e n t which 
might not be practical in som e situations.
Archimedes' principle s ta te s  that a  when subm erged in a  body 
of water, a  body of m ass will be  buoyed up by a  force g rea ter than 
the  volume of w ater it d isplaces. Simply put, su b s tan ces more 
d e n se  than w ater will sink in that w ater and  those  less d en se  will 
float. With this knowledge, the density of the human body can be 
m easured  by subm erging it in a  volume of w ater with a  known 
density. While volume d isp lacem ent is a  hydrodensitom etric 
technique, hydrostatic weighing is more commonly used  and will 
be discussed  here.
The hydrostatic weighing procedure entails the m easurem ent 
of weight change in w ater to a s s e s s  body volume using the 
following equation (Fox e t al., 1992; McArdle e t al., 1991):
BV -  [(BM - WW)/Dw]-(RLV+100) 
w here BV=body volume(ml), BM=body m ass (g), WW=weight of body
in w ater (g), Dw=water density (g-m M ) and RLV=residual lung 
volume (ml). The residual lung volume of the individual being
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a sse ss e d  is that volume of air remaining in the  lungs after the 
individual maximally exhales, which is required during the 
m easurem ent procedure (see  C hapter III for detailed hydrostatic 
weighing procedures). The air that rem ains (i.e., residual lung 
volume) will buoy the individual, similar to fat m ass, and m ust be 
accounted for. The 100 ml adjustm ent to residual lung volume is 
to account for the estim ated volume of gastrointestinal g a s  which 
may not be accounted for in residual lung volume m easurem ents 
(Goldman & Buskirk, 1961). Body density can  then be calculated by 
dividing body m ass by body volume (i.e., body density is equal to
the body's m ass per unit volume)(g m M ). Body density allows the 
estim ation of the  traditional tw o-com ponents of body composition 
based  on the observation that fat m ass is less d en se  then fat-free 
m ass and the  assum ption of constan t densities for those  m asses  
(Siri, 1956) using equations to predict percen t body fat like the 
Siri (1961) equation m entioned earlier in the review.
Hydrodensitometry has long been considered the "gold standard" 
for body composition estim ation on the intact human. However, in 
recent years, many researchers have begun to question the validity
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of hydrodensitom etry a s  the "criterion" for estim ating body 
composition especially  with respec t to validating new m ethods of 
m easurem ent (Lohman, 1992). Specifically, questions have arisen 
with regards to the  generalized  fashion in which the traditional 
two-com ponent model is ex tracted  from the body density 
estim ate. The assum ptions of constan t densities for fat m ass
(0.90 g m M ) and fat-free m ass (1.10 g -m M ) to predict percent 
body fat from body density estim ations were b ased  on cadaver 
research  (Siri,1956). However, the cadaver study from which 
th ese  d a ta  w ere taken utilized a  limited num ber of male, young- 
middle aged, Caucasian cadavers. Recent research has determined 
tha t fat-free m ass in African-Americans w as m ore d e n se  than fat 
free m ass in a  similar sam ple of C aucasian (Schutte e t al., 1984). 
Other studies have dem onstrated that the  elderly and young have 
lower fat-free m ass densities (Lohman, Slaughter, Boileau, Bunt & 
Lussier, 1984) and certain  highly trained athletic populations may 
exhibit higher fat-free m ass densities than the  "constant" density  
of fat-free m ass (Adams, Bagnall, Motto la & M cFadden, 1982).
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T hese variations in body density a re  apparently independent of 
adiposity and  related to variation in the body's w ater and mineral 
content (Lohman, 1992). Som e researchers suggest that the 
generalized equations to predict fa tn e ss  from density (e.g., Siri's 
equation) need  to be  replaced with equations specific to the 
populations being addressed . However, developm ent of such 
equations require cadaver studies for each  population of interest 
which is not practical. O thers suggest the use  of equations, a s  
m entioned earlier, that include density a s  well a s  body w ater 
and/or body mineral con ten t readings (i.e., multi-component) to 
predict body composition (Lohman, 1986; 1992; Siri, 1956; 1961).
Along with the apparen t biological error associated  with 
hydrodensitom etry, there  a re  methodological problem s a s  well. 
The predom inant cau se  of variation in body density m easurem ent 
a s  the result of technical error is in the obtaining of a  value for 
residual lung volume, other common sources of error include the 
body m ass m easurem ent, underw ater weighing procedure and 
w ater tem perature m easurem ent (Akers & Buskirk, 1969). This 
d o es  not include error a sso c ia ted  with faulty or m iscalibrated
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equipm ent. W hen residual volume is m easured  (i.e., not estim ated 
from gender, age , sta tu re /m ass) the  technical error assoc ia ted  
with the procedure can be a s  low a s  ±1.0% when se t guidelines are 
followed (Lohman, 1981; 1992). This coupled with the 
aforem entioned biological error tha t have been  asso c ia ted  with 
errors in estimating body density of betw een ±2.0-4.0% , has led 
many to the conclusion that hydrodensitom etry might not be  the 
single best criterion for evaluating new m ethodologies for 
estim ating body composition. However, until a  new criterion 
em erges, the  proper u se  of hydrodensitom etry, along with other 
m ethodologies that will help overcom e the inherent shortcom ings 
of hydrodensitom etry, is still being used  to evaluate  new 
technologies (Lohman, 1992).
AnthropMietQE 
Anthropometry is the m easurem ent of the body's size, 
dim ensions and  proportions (Fox e t al., 1993). Anthropometric 
techniques include body circum ference, bone breadth , skinfold, 
sta ture  and m ass m easurem ents for estim ating body composition.
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The techniques for m easuring th e se  variables a re  detailed in 
Chapter III.
Anthropometry is widely used  for body composition estimation 
based  on it's relative inexpense, e a s e  of execution and noninvasive 
nature (Jensen , 1992; Lohman, 1992; McArdle e t al., 1991; Roche & 
Chumlea, 1992). The theory behind the  use  of anthropom etric 
m easurem ents a s  body composition predictors is based  on the 
assum ption that the  majority of fat in the  body is located 
subcutaneously  and h as a  strong, consisten t relationship with 
internal fat (P ascale  e t al., 1956).
Body Density From Prediction Equations
Anthropometrical m easurem ents a re  often used  to predict a  
variable of body composition, usually body density, via prediction 
equations derived from regression analysis. T hese  prediction 
equations a re  one of the a re a s  of controversy in the prediction of 
body density from anthropom etry. As eluded to Chapter I, these  
prediction equations a re  highly specific to the  population on which 
they a re  developed and therefore not applicable to other 
populations (Lohman, 1992). In an attem pt to overcom e this
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problem, a  num ber of prediction equations have been developed 
that claim to be generalized across large age  and fatness ranges. 
Two of the  more commonly cited generalized regression equations 
a re  those developed by Jackson and Pollock (1978) and Durnin and 
W om ersley (1974) for m ales.
Durnin and Womersley (1974) developed a  body density 
prediction equation, using hydrodensitom etry a s  the  criterion 
m easurem ent, on a  large sam ple (n=209) of m ales ranging in age 
from 17-72 years and in fa tness from 10.00-54.00%  fat. The 
authors m easured  skinfolds a t four sites (biceps, triceps, 
subscapula, and suprailiac) to develop a  se ries of generalized 
equations for various age  groups. The equations utilized the 
logarithm of one or more (sum of more than one) of the skinfold 
m easu rem en ts to account for the nonlinear skinfold/body density 
relationship they discovered. Durnin and W omersley reported 
standard  errors for body density estim ation ranging from ±0.0059
to ±0.0124 g ml-1 from the equations utilizing two or more 
anthropom etric variables when com pared to the 
hydrodensitom etric criterion. The authors also suggested  that the
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u se  of more predictors (sum of th ree  or four m easurem ents) did 
not significantly improve the  accuracy of the  predictions when 
com pared to the  sm aller m odels (sum of two sites).
Jackson and Pollock (1978) also collected anthropom etric data 
on a  large sam ple (n=308) m ales ranging in age  from 18-61 years 
and in fatness from 1.00 to 33.00%. Numerous skinfolds and 
circum ferences w ere m easured  on the subjects. Noting the work 
of Durnin and W omersley (1974) w here ag e  variations in body 
density  resulted in a  se ries  of prediction equations for different 
ag e  ranges, Jackson and Pollock included age  a s  an independent 
variable in order to develop a  singe prediction equation across the 
ag e  range of the sam ple. The nonlinear relationship betw een 
adiposity and density found in the study by Durnin and W omersley 
w as confirmed by Jackson and Pollock. However, instead of using 
a  logarithmic transform ation, Jackson  and Pollock discovered the 
best body density prediction resulted from a  quadratic model. The 
model incorporating the sum  of the chest, abdom en and thigh 
skinfolds resulted in a  a  standard  body density estim ate of
±0.0077 g ml-1.
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Despite the fact that these  equations have been repeatedly 
cross-validated, som e possib le  problem s still a rise  with respec t 
to their generalizability. Many resea rch e rs  feel that variations in 
the  regional distribution of fat, physical activity level of sub jects 
and  subject physique/proportionality a re  factors that should be 
considered when choosing a  prediction equation (Lohman, 1992). 
While the sam ples from which th ese  equations were derived vary 
in age  and fatness and w ere of hom ogeneous gender and race, no 
mention is m ade with respect to regional fat distribution. Both 
stud ies m entioned that the  sub jects varied in body structure/type 
but no m eans for quantifying this characteristic w ere described.
No formal quantification of subject physical activity level w as 
m ade in either study even though Jackson and Pollock (1978) said 
sub jects varied in exercise habits. The lack of generalizability of 
th ese  equations has led researchers to encourage the developm ent 
and u se  of very population specific equations when possible 
(Lohman, 1992).
O ther problems with respect to the prediction of body density 
from anthropom etric m easu rem en ts a re  methodological.
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Anatomical site  location, actual m easurem ent p rocedures and . 
choice of m easurem ent tools are  all sources of potential error. In 
an  attem pt to help overcom e this potential source of error, 
standard ized  techniques for anthropom etric m easurem ents have 
been published (Lohman e t al., 1988). Also of concern is the fact 
that the  majority of th ese  equations predict body density which 
many wish to extrapolate to the  two-com ponent model of fat m ass 
and fat-free m ass. Therefore, all of the assum ptions that pose 
problem s with extrapolating fat m ass/fat-free  m ass e stim ates  
from density  obtained from from hydrodensitom etry apply here.
O ther common u ses for anthropometric m easurem ents include 
sta tu re /m ass indices of fatness. The u se  of such indices are 
popular for field work due to the  accuracy with which sta tu re  and 
m ass can be m easured (Roche & Chumlea, 1992). The 
sta tu re /m ass indices m entioned in Chapter I and ill all a re  
assoc ia ted  with adiposity but not to the  extent of more specific 
m easurem ents such a s  skinfold m easurem ents (W omersley & 
Durnin, 1977). Clearly, sta tu re /m ass indices can be misleading
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with respec t to discriminating betw een ex cess  fat m ass and 
ex cess  fat-free m ass but they can be useful g ross indicators of 
fa tness for field use. However, the use  of such indices a s  sole 
estim ates of body composition is not valid (Lohman, 1992; Roche 
& Chumlea).
W aist-io-H ip Ratio
The regional distribution of subcutaneous fat (android/gynoid, 
upper trunk/lower trunk) h a s  been  estim ated using the  waist-to- 
hip circum ference ratio. While this ratio is a  g ross estim ate of 
android/gynoid fat distribution when com pared to m agnetic 
resonance  imaging, com puted tomography or even dual energy x- 
ray absorptiom etry, it is highly correlated with cardiovascular 
d isease  risk (Lapidus e t al., 1984; Larsson e t al., 1984). T hese 
findings would su g g est tha t the  ratio might reflect abdominal 
visceral fat that has also been  shown to be associated  with health 
implications such has cardiovascular d isease  risk. The main 
concern with the use  of the  waist-to-hip ratio a s  more than just a  
g ro ss  estim ate is the  fact that the  m easurem ents a re  often
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confounded by overall adiposity and body frame size and that 
specific fat depot m easurem ents are  not m ade (Lohman, 1992).
A variety of anthropom etric m easurem ents (stature, m ass, 
skinfolds, circum ferences, breadths) a re  used  to quantify the 
Heath and Carter som atotype (1967) for the a sse ssm e n t of body 
physique and proportionality. As explained in C hapter I, the 
som atotype describes an individual with respect to their body's 
level of endomorphy, ectom orphy and m esom orphy (i.e., all a spec ts  
of the som atotype wiil be evident to som e degree  in each 
individual, one a sp ec t may dom inate but all will be present). 
Somatotyping has been used  to correlate 
m esom orphic/endom orphic predom inance with e levated  
cardiovascular d ise a se  risk when com pared to th o se  individuals 
who a re  predominantly ectom orphic (Parnell, 1959). This is not 
surprising given the  influence of fat distribution on the 
som atotype and the  relationship betw een risk of cardiovascular 
d ise a se  with certain  regional distribution of ad ipose  tissue  
(android obesity)(Bjorntorp, 1988). Historically in the  exercise
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sc iences, somatotyping h as been  used  to relate body type/physique 
with su c c e ss  in various athletic activities (Sodhi, 1980; Thorland, 
Johnson, Fagot, Tharp & Hammer, 1981). While somatotyping is 
not recom m ended a s  a  single a sse ssm en t of body composition, if 
can  offer b roader descriptions of the body with respec t to 
proportionality/physique th a t o ther m ore specific m easu rem en ts 
might not reflect but might be influenced by.
Sum m ary
In sum m ary, there a re  a  num ber of m odels for partitioning the 
composition of the  human body. R egardless of the descriptive 
model chosen, the composition of the human body can not be 
m easured directly on the intact hum an. Therefore, a  num ber of 
indirect m ethods for estim ating hum an body composition have 
been  developed. While controversy exists concerning which 
technique(s) is m ost accu ra te  for body composition, 
hydrodensitom etry, in a  traditional tw o-com partm ent model or 
preferably in a  multi-component model, appears  to be  the m ost 
widely used  criterion for practical a sse ssm en t. However, a s  
validation/cross-validation research  exam ining techn iques such
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a s  dual energy x-ray absorptiom etry p rogresses, this may change. 
Anthropometry, b a sed  on its relative inexpense, practicality and 
strong agreem ent with hydrodensitom etry, continues to be the 
a sse ssm en t technique used m ost often. However, the  accuracy of 
anthropom etry often depends on choice of body composition 
prediction equation. Many problem s with th ese  prediction 
equations have been cited and  a  movement has begun to examine 
the accuracies of existing equations a s  opposed to the 
developm ent of new equations. Also, a  num ber of researchers feel 
strongly that the choice of prediction equation for u se  in 
anthropom etry should be very specific with regards to the 
subject(s) being a sse sse d . This calls for a  se ries of population 
specific prediction equations a s  opposed to the commonly used 
equations that a re  said to be  generalized across a  wide range of 
subject characteristics. It would be  apparen t though, given the 
wide accep tance  and u se  of the generalized equations, the 
accuracy of these  equations m ust be disproven before most 
researchers will look for more specific prediction equations.
CHAPTER III: METHODS 
S u b je c ts
Forty-five Caucasian male subjects (n=45) w ere exam ined. 
Subjects betw een 20-29 years of age  and less than 33.0%  body fat 
w ere recruited. This w as done to a ssu re  that all subjects 
w ere similar with respect to ag e  and overall adiposity to those  
sub jects on which both the  Jackson-Pollock (1978)(age range= 
18-61 yr, percent body fat maximum= 33.0%) and the Durnin- 
W om ersley (1974)(age range=16-72 yr, percent body fat 
maximum= 50.0%) generalized equations were developed. Sam ple 
physical characteristics a re  presen ted  in Table 3. Since Durnin 
and W omersley did not incorporate age  a s  a  predictor variable a s  
Jackson  and Pollock did but rather created  sep a ra te  prediction 
equations for age  ranges, it w as decided that the sam ple be 
limited to subjects betw een 20-29 years of age. Therefore, one 
Jackson-Pollock equation (incorporating ag e  a s  a  independent 
variable) and one Durnin-Womersley equation (the equation 
derived for use  on subjects aged  20-29 yr) w ere used to predict 
body density on each  subject.
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Table 3. Sam ple physical characteristics.
V ariable (unit) Mean SD SE Range
Age (yr) 2 2 .1 6 2 .1 2 0.32 2 0 .0 0 -2 9 .0 0
Body M ass (kg) 8 0 .1 6 11 .64 1.74 6 0 .3 4 -1 2 3 .5 8
Body Stature (cm) 1 7 6 .0 7 6 .1 4 0.92 1 6 2 .0 0 -1 9 5 .0 0
BM/BS2 (kg-m-2) 2 5 .8 4 3 .2 6 0.49 2 0 .1 6 -3 4 .4 0
BM/BS3 (kg m-3) 14 .70 1.97 0.29 1 1 .6 5 -2 0 .4 7
BM0.33/BS (kg0.33.m-i )2.41 0.11 0.02 2 .2 4 -2 .7 0
WC/HC 0 .8 4 0 .05 0.01 0 .7 5 -1 .0 0
Percent Body Fat (%) 
estim ated  from: 
H ydrostatic W eighing 14 .80 7 .6 7 1.14 2.02-32.97
JP  Anthropometry^ 11 .29 6.71 1.00 3.38-27.79
DW Anthropometry2 16 .25 5.71 0.85 6.08-30.77
ifrom  Jackson-Pollock (1978) equation.
2from Durnin-W omersley (1974) equation.
M easurem ents 
The investigation w as approved by the Louisiana S tate  
University D epartm ent of Kinesiology Human Subjects Review 
Committee. Each subject reported for testing in a  post- 
absorptive s ta te  resulting from a t least a  12-h fast. Subjects 
w ere instructed to refrain from exercise  and maintain normal 
hydration during this period. Subjects reported for testing at 
Louisiana S ta te  University D epartm ent of Kinesiology Exercise 
Science Laboratory with a  swimsuit and  a  pair of light
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unrestrictive underw ear. Each subject w as asked  to eliminate 
bladder/bowel contents and  to m ake an attem pt to expel any 
ex ce ss  gastrointestinal g a s  prior to testing. Prior to 
m easurem ents, informed consen t w as obtained from each  subject 
(see  Appendix A).
A nthropom etry
Rp.dy_Circumtojn^jOdfia^mmgrn
Body circumferences w ere m easured by the  sam e observer 
using a  Lufkin retractable fiberglass anthropom etric tap e  
(Lafayette Instrum ent Co., Lafayette, IN) a t the  location of the 
waist, hips, flexed biceps and calf with the  sub jects wearing 
light unrestrictive underw ear only. The flexed biceps and calf 
circum ferences w ere m ade on the subject's right side (Lohman et 
al., 1988). An assistan t w as p resen t to aid in positioning the 
anthropom etric tape. M easurem ents w ere repeated  until reliable 
m easu rem en ts (i.e., accep tab le  intratester difference a s  defined 
below) resulted a t which time a  m ean of the two repeated  
readings w ere recorded for d a ta  analysis. A cceptable in tratester
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differences betw een m easurem ents and  the  circum ference site 
locations a re  recom m ended by Lohman et al.:
W ais t. The w aist circum ference w as m easured  with 
the  subject standing erect, feet together, arm s a t side and 
abdominal m uscles relaxed. The m easurem ent w as taken in a  
horizontal plane a t the level of the narrow est part of the torso a s  
determ ined from the anterior of the subject. M easurem ents were 
recorded to the n eares t 0.1 cm after expiration. An in tratester 
difference betw een m easurem ents < 1.0 cm w as considered 
reliable.
H ips. The hips circum ference w as m easured  with the 
subject standing erect, feet together and arm s a t side. The 
m easurem ent w as taken in a  horizontal plane a t the  level of the 
maximum extension of the  buttocks a s  determ ined along the 
sagittal plane of the subject. M easurem ents w ere recorded to the 
n ea res t 0.1 cm. An in tratester difference betw een m easurem ents 
< 1.0 cm w as considered reliable.
Flexed b iceps. The biceps circumference w as 
m easured  with the subject standing erect, the arm to be m easured
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raised to 90° shoulder flexion, the corresponding elbow flexed to 
90° and the  biceps contracted. The m easurem ent w as taken a t the 
midpoint of the upper arm. The midpoint of the upper arm w as 
determ ined a s  that point half way betw een the  lateral tip of the 
acromion p rocess and the inferior margin of the  olecranon process 
when the subject's elbow w as flexed to 90° with the palm 
supinated. M easurem ents w ere recorded to the nearest 0.1 cm. An 
in tratester difference betw een m easurem ents < 0.2 cm w as 
considered  reliable.
C alf. The calf circum ference w as m easured  with the 
subject standing erect, feet 15-25 cm apart and body m ass 
equally distributed on both feet. The m easurem ent w as taken at 
the  point of g rea tes t horizontal girth of the  calf a s  determ ined 
along the  sagittal plane of the subject. M easurem ents were 
recorded to the nearest 0.1 cm. An intratester difference 
betw een m easurem ents < 0.2 cm w as considered reliable. 
B o n eB read th  M easurem ent
Bone breadths were m easured by the sam e observer at the 
location of the  hum erus and  femur with the sub jects wearing light
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unrestrictive underw ear only using a  Siber-H egner Mode! #106 
spreading caliper (Pfister Import-Export, Inc., Carlstadt, NJ). The 
d iam eters w ere m easured  on the subject's right side (Lohman et 
al., 1988). M easurem ents w ere repeated  until reliable 
m easu rem en ts (i.e., accep tab le  intratester difference a s  defined 
below) resulted a t which time a  m ean of the two repeated  
readings w ere recorded for d a ta  analysis. A cceptable in tratester 
d ifferences betw een m easurem ents and breadth site locations are  
recom m ended by Lohman e t al.:
H um erus. The hum erus breadth w as defined a s  
the  d istance betw een the medial and lateral condyles of the 
hum erus and w as m easured  with the subject standing, arm to be 
m easured  raised to 90° shoulder flexion, elbow flexed to 90° and 
palm of the hand supinated. The caliper points w ere placed on 
th ese  condyles and firm pressure  applied. M easurem ents w ere 
recorded to the nearest 0.1 cm. An intratester difference 
betw een m easurem ents < 0.1 cm w as considered reliable.
F em ur. The femur breadth w as defined a s  the 
d istance  betw een the medial and lateral condyles of the  femur and
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w as m easured  with the subject sea ted , knee of leg to be m easured 
flexed to 90° and corresponding foot flat on the  floor. The caliper 
points w ere placed on th ese  condyles and firm p ressu re  applied. 
M easurem ents were recorded to the nearest 0.1 cm. An 
intratester difference betw een m easurem ents < 0.2 cm w as 
considered  reliable.
Skinfoid M easurem ent
Skinfold m easurem ents were m ade by the sam e observer using 
Lange calipers (Cambridge Scientific Industries, Cambridge, MD) 
a t the triceps, subscapula, suprailiac, medial calf, chest, abdom en 
and thigh with the sub jects wearing light unrestrictive underw ear 
only. All skinfolds w ere m easured  on the  subject's right side 
following standard ized  guidelines (Lohman e t al., 1988).
Skinfolds w ere raised using the observer's left hand 
approximately 1 cm proximal to the m easurem ent site. The fold 
w as kept elevated  until the  calipers w ere placed with the 
observer's right hand perpendicular to the long axis of the 
skinfold, a  reading m ade and  the calipers removed. The skinfold 
w as re leased  and regathered for each  subsequent m easurem ent on
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a  specific site. R eadings w ere m ade within 4 s  after the com plete 
application of the  calipers on the  site. M easurem ents were 
repeated  until reliable m easu rem en ts (i.e., accep tab le  in tra tester 
difference a s  defined below) resulted a t which time a  m ean of the 
two repeated  readings w ere recorded for d a ta  analysis.
A cceptable in tra tester differences betw een m easu rem en ts and 
skinfold site locations are  recom m ended by Lohman e t al.:
T ric ep s . The triceps skinfold w ere m easured 
with the sub ject standing erect, arm s hanging freely and palm s 
supinated. The vertical fold w as taken at the midline of the 
posterior portion of the upper arm over the triceps muscle. The 
site w as located a t a  point midway betw een the  lateral portion of 
the  acromion p rocess and the inferior margin of the olecranon 
p rocess when the  subject's elbow w as flexed to 90°.
M easurem ents w ere recorded to the nearest 1.0 mm. An 
in tra tester difference betw een m easurem ents £ 1 . 0  mm was 
considered  reliable.
S u b sc a p u la . The subscapular skinfold w as 
m easured  with the  subject standing erect and the arm s hanging
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freely a t the sides of the  body with palm s facing medially. The 
diagonal fold w as taken inferior to the  inferior angle of the 
scapula. The fold w as g rasped  inclined infero-laterally 45° to the 
horizontal plane. M easurem ents w ere recorded to the n eares t 1.0 
mm. An in tratester difference betw een m easurem ents < 1.0 mm 
w as considered  reliable.
S u p ra iliac . The suprailiac skinfold w as 
m easured  with the  subject standing erect, feet together and the 
arm s hanging freely a t the  sides of the body with palm s facing 
medially (arm s w ere abducted  a t time of m easurem ent if 
necessary). The diagonal fold w as taken just posterior to the 
midaxillary line superior to the  iliac crest. The fold w as g rasped  
inclined infero-medially 45° to the  horizontal plane.
M easurem ents were recorded to the nearest 1.0 mm. An 
in tra tester difference betw een m easurem ents < 1 . 0  mm w as 
considered  reliable.
Medial calf. The medial calf skinfold w as 
m easured  with the subject sea ted , knee of the leg to be m easured 
flexed to 90° and sole of the  corresponding foot resting of the
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floor. The vertical fold w as taken on the  medial a sp ec t of t h e . 
calf parallel to the  long axis of the calf just proximal to the  point 
of g rea tes t horizontal girth of the calf a s  determ ined along the 
sagittal p lane of the  subject. M easurem ents w ere recorded to the 
n eares t 1.0 mm. An in tratester difference betw een m easurem ents 
£ 1 . 0  mm w as considered reliable.
C h e s t . The c h es t skinfold w as m easured  with 
the subject standing erect, arm s hanging freely a t the sides of the 
body and palm s facing medially. The diagonal fold w as taken with 
the fold's long axis directed a t the  nipple a t a  point midway 
betw een the  axillary fold and the nipple. M easurem ents were 
recorded to the  nearest 1.0 mm. An intratester difference 
betw een m easurem ents < 2.0 mm w as considered reliable.
A bdom en. The abdominal skinfold w as m easured 
with the  sub ject standing e rec t with body weight evenly 
distributed on both feet when feet w ere shoulder width apart.
The horizontal fold w as taken 3 cm lateral and  1 cm inferior to 
the umbilicus. M easurem ents were recorded to the nearest 1.0
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mm. An intratester difference betw een m easurem ents < 1 . 0  mm 
w as considered  reliable.
T h igh . The thigh skinfold w as m easured  with the 
subject standing erect, his body weight shifted to the leg not 
being m easured  while the leg being m easured  w as relaxed with 
knee slightly flexed and foot flat on the  floor. The vertical fold 
w as taken along the midline of the anterior thigh midway betw een 
the inguinal c rease  and the  proximal border of the patella. 
M easurem ents were recorded to the nearest 1.0 mm. An 
intratester difference betw een m easurem ents <, 2.0 mm w as 
considered  reliable.
Body M ass/S tature M easurem ent
Subjects, d ressed  in a  swimsuit, were a sse sse d  for body m ass 
and body sta tu re  utilizing a  Detecto balance beam  sca les  equipped 
with a  sta tu re  m easuring rod (Detecto Scales, Inc., Brooklyn, NY). 
Subjects stood on the platform, facing the balance/rod with 
weight evenly distributed on both feet which w ere cen tered  on the 
platform. Both the  sca les  and m easuring rod were calibrated
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prior to testing. Body m ass w as recorded to the n eares t 0.05 kg 
and body stature to the neares t 0.5 cm.
BfisidujaLLMrxg Volume
Residual lung volume w as m easured for each subject on land 
prior to hydrostatic weighing using the  closed  circuit oxygen 
dilution m ethod modified by Wilmore, Vodak, Parr, Girandola and 
Billing (1980). A 5000-ml an aesth es ia  bag w as flushed and filled 
with 3000-5000 ml of 100% O 2 (approxim ately 80-90%  of vital 
capacity). To one end of the  bag a  stopcock w as attached while 
the  other end of the bag w as fitted to the  bottom part of a  "T" 
sh ap ed  three-w ay valve. A standard m outhpiece w as a ttached  to 
the b ase  of the "T" valve.
All subjects w ere sea ted  in a  position similar to that used 
during the hydrostatic weighing procedure (i.e., leaning forward to 
sim ulate subm ersion process). The procedure w as explained and 
dem onstrated  to the  sub jects, noseclip secured  and m outhpiece 
positioned properly in the mouth. The subjects took several 
b reaths through the "T" valve (open to room air) and w ere then 
instructed to expire maximally to the  point of residual lung
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volume. The subjects w ere instructed tap  their knee to signal the 
end of the maximal expiration. The "T" valve w as then turned to 
the  position allowing the sub jects to inhale from the a n ae s th es ia  
bag (100% O2). The subjects w ere then instructed to take seven
deep  breaths from the an aesth es ia  bag a t a  rate of 1 breath-2 s -1 
(controlled by metronome).
At the conclusion of the  seventh deep  breath the subjects were 
instructed to exhale maximally to the point of residual lung 
volume w here the  subjects again tapped  their knee to signal the 
end of the expiration. At this point the "T" valve w as turned to 
open the subject to room air again. The g as in the anaesthesia  bag 
w as analyzed for O2 content, CO2 content and  volume using an 
Model S-3A1 O2 analyzer (Applied Electrochem ical, Pittsburgh, 
PA), Model C03A  CO2 analyzer (Applied Electrochemical,
Pittsburgh, PA) and Model R-A flowmeter (Applied 
Electrochem ical, Pittsburgh, PA). All of the g a s  analysis 
equipm ent w as calibrated prior to each  subject using room air and 
a  control g as (02=16.57%, 002=4.19% ).
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Hydrostatic Weighing
Subjects were weighed underw ater in a  450 gallon hydrostatic 
cham ber equipped with a  weighted chair suspended  from a  15 kg x 
20 g Chatillon autopsy scale  (John Chatillon and Sons, New 
G ardens, NY). The autopsy scale  w as calibrated prior to testing 
using known volum es of w ater a t known tem peratures a s  the 
calibration standard . W ater tem perature in the  tank w as 
monitored using a  YSI Model 46TU tele-therm om eter (Yellow 
Springs Instrument Company, Inc., Yellow Springs, OH).
Subjects en tered  the cham ber and were instructed to remove 
all air from their sw im suits. The sub jects subm erged them selves 
and rem oved air from their head/body hair. The subjects w ere 
then instructed to sit on the suspended  chair. O nce the subjects 
w ere sea ted  the weighing procedures w ere reviewed. The 
sub jects then forcefully expired the con ten ts of their lungs (i.e., 
expired to residual volume) while bending forward so  a s  to 
subm erge them selves. O nce the subjects were completely 
subm erged and the  contents of their lungs expelled, a  reading of 
body weight in w ater (plus weight of the apparatus) w as m ade and
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the  subjects instructed to resurface. The procedure w as repeated  
until successive  attem pts failed to produce an increase  in 
underw ater weight and the  highest reading w as repeated  (i.e.,
< 20 g betw een trials difference). M easurem ents w ere m ade to 
the nearest 10 g.
C a lcu la tio n s  
H eath-C arter Anthropom etric Som atotype 
The three com ponents (i.e., endomorphic, mesomorphic and 
ectom orphic) of the  H eath-C arter (1967) anthropom etric 
som atotype w ere calculated using the  following equations:
ENDO*{-0.1451 [(SUM)(170.18/BS)]} -
{0.00068[((SU M )(170.8/BS))2j} +
{0.0000014[((SU M )(17 0 .8 /B S ))3 ]}  
w here ENDO=endomorphic com ponent of the Heath-Carter 
anthropom etric som atotype, SUM=sum of triceps, subscapu lar and 
suprailiac skinfolds (mm), and  BS»body sta tu re  (cm).
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M esomorphic Component
MESO=[(0.858)(HB)] + [(0.601 )(FB)] + [(0.188)(FBC-TSF)] + 
[(0.161)(CC-CSF)] - [(0.131)(BS)] + 4.5 
w here M ESO=mesomorphic com ponent of the H eath-Carter 
anthropom etric som atotype, HB=humerus breadth (cm), FB=femur 
breadth  (cm), FBC*flexed biceps circum ference (cm), TSF=triceps 
skinfold (cm), CC=calf circum ference (cm), CSF=medial calf 
skinfold (cm) and BS=body stature (cm).
Ectom orphic Com ponent
ECTO«{[(BS/BM0.33)](0.463)} - 17.63 
if 40.75 > BS/BM0.33 > 38.35
ECTO={[(BS/BM0.33)](0.732)} - 28.58 in all other c a se s  
w here ECTO=ectomorphic com ponent of the  Heath-Carter 
anthropom etric som atotype, BS=body stature (cm), and  BM=body 
m ass (kg).
E alaes^-Jndigas.
The following indices utilizing body m ass (BM (kg)) and  body 
sta ture  (BS(m)) were calculated: BM/BS2 (Body M ass Index), 
BM/BS3 , and BM0.33/BS. The index BS/BM0-33 is also a  commonly
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cited index of adiposity and a  form of it is incorporated in the . 
ectom orphic com ponent of the H eath-Carter (1967) som atotype. 
The waist-to-hip ratio w as also calculated (WC/HC w here 
WC=waist circum ference (cm) and HC=hips circum ference (cm)). 
Body- Density Estimation from Anthropometry 
Body density w as estim ated utilizing the following generalized 
equations:
Jackson-Pollock G eneralized Equation (1978)
Db=1.1 0938-[0.0008267(SU M )]+[0.0000016(SUM2)]- 
[0.0002574(AGE)J
w here Db=body density (g-m M ), SUM=sum of the chest, abdominal 
and thigh skinfolds (mm) and AGE=subject age  (yr). 
OummzW omerslev G eneralized Equation (1974)
Db= 1.1525-[0.0687(LOGSUM)]
w here Db=body density (g -m H ), LOGSUM*logarithm of the sum of 
triceps and subscapular skinfolds (mm). This particular equation 
w as derived for use  in subjects 20-29 yr of age.
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Residual lung volume w as calculated from the d a ta  collected 
during the  closed circuit oxygen dilution procedure using the 
following equation:
RLV -  VO2 (b-a)]/(c-d) 
w here RLV-residual lung volume (ml), V02=volume of O2 in the 
an aesth es ia  bag it the beginning of the procedure (ml), a=percent 
N2 impurity of the original O2 (assum ed to be 0.0%), b=percent of 
N2 in the  mixed air in the  bag a t the  point of equilibrium (100%- 
(% 02+ % C 02)), c=percent N2 in the alveolar air a t the beginning of 
the procedure (assum ed to be 80.0%), and d=percent of N2 in the 
alveolar air during the last maximal expiration (assum ed to be
0.2%  N2 higher than the b). Therefore the equation can be 
s im p lified :
RLV* [(V02)(b)]/(79.8-b)
Body Density Estimation from _Hvdrostatic J/VeLohi no 
Body density w as estim ated from hydrostatic weighing using: 
Db= BM/BV
w here Db=body density (g-ml-1), BM*body m ass (g), and BV=body
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volume (ml). Body volume w as estim ated using the following 
equation :
BV=[(BM-WW)/Dw] - (RLV+100) 
w here BV=body volume (ml), WW*actual w ater weight (observed 
reading minus weight of the  apparatus)(g), BM=body m ass on land
(g), Dw=water density (g ml-1), and RLV=residual lung volume 
(ml). The 100 ml adjustm ent to residual lung volume is to account 
for the  estim ated  volume of gastrointestinal g a s  which is not 
accounted  for by in the residual lung volume m easurem ent 
(Goldman & Buskirk, 1961).
S ta tis tica l A nalysis 
To tes t hypotheses 1A and 2A multiple linear regression 
analysis w as used  to described the  relationship betw een each  
dependen t variable (accuracy of the Jackson-Pollock (1978) and 
Durnin-W omersley (1974) equations w here accuracy of the 
equation is the  difference betw een the prediction of body density
and the criterion estim ate of body density) (g-ml-1) and the three 
com ponents of the H eath-C arter anthropom etric som atotype.
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To tes t null hypotheses 1B-1E and 2B-2E simple linear 
regression analysis w as used  to described  the relationship 
betw een each  dependent variable (accuracy of the Jackson-Pollock 
(1978) and Durnin-Womersley (1974) equations w here accuracy of 
the  equation is the  difference betw een the  prediction of body
density  and the criterion estim ate of body density)(g ml-1 ) and 
the following independent variables:
1.) WC/HC
2.) BM/BS2 (kg m-2)
3.) BM/BS3 (kg m-3)
4.) BM0.33/BS (kg0.33.m-1)
w here W C=waist circum ference (cm) HC=hips circum ference (cm), 
BM=body m ass (kg) and BS=body staure (m).
The level of significance for detecting a  significant 
relationship betw een variables b ased  on the regression analysis 
(both simple and multiple) w as p < 0.05. Prior to drawing 
conclusions concerning the  relationship betw een the  variables the 
m odels w ere exam ined for departu res from the linear regression 
model. The following diagnostics w ere performed:
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1.) Plot of residuals against the  independent variables to 
d e tec t nonlinearity and/or nonconstancy of error variance.
2.) Plot of residuals against fitted values of the dependen t 
variable to de tec t nonconstancy of error variance.
3.) Plot of standardized residuals against the  independent 
variable to d e tec t outliers.
4.) Plot of residuals against the expected residual values 
w hen the  distribution is normal (normal probability plot) to 
d e tec t nonnormality of error term s.
5.) P earson  product-m om ent correlation analysis betw een 
residuals and  expected normal residuals to de tect
nonnormality of error term s. The critical r(0.05, 44) >
0.975 denoted  a  failure to de tect nonnormality of 
error term s.
CHAPTER IV: RESULTS 
W hen examining the simple linear regression analyses the 
significance of both the  relationship and  intercept w as of 
interest. A significant relationship, which is the sam e a s  a  
significant slope (i.e., b i*0 ) in simple linear regression, would 
indicate that the dependen t variable (accuracy of the Jackson- 
Pollock (1978) equation or the Durnin-W omersley (1974) equation) 
w as changing significantly with a  given change  in the independent 
variable (fa tness indices, waist-to-hip ratio). It is therefore 
expected , if the equations a re  truly generalized acro ss  the 
independent variables, that the observations will be  randomly 
sca tte red  about the  "zero line" with no significant departu re  from 
the horizontal nature of th e  zero line (i.e., b i =0). If a  significant 
slope is detected  then that would indicate som e trend in the 
accuracy across the  independent variable and would suggest a  lack 
a  generalizability in the prediction equation being exam ined. A 
significant in tercept (bo*0) could be  indicative of som e type of 
constan t inaccuracy with respec t to the  equation (Jackson-Pollock
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or Durnin-Womersley) being exam ined. This potential constan t 
error (over or under prediction of body density) may or may not be 
in addition to a  significant slope. That is, you may have a 
situation w here there is no significant change or trend in the 
prediction equation accuracy acro ss  the  independent variable but 
th e  predictions might consistently  and  significantly over/under 
predict body density (i.e., b i= 0 , bo*0) or the converse could also 
be true (i.e., bi^O, bo=0). If perfect agreem ent betw een the 
predicted body density and  the criterion w as determ ined, all 
observations would fall on the zero line (i.e., b i=0 , bo=0).
In the  multiple linear regression analyses, the significance of 
the  regression function w as of in terest to exam ine the 
relationship betw een the dependen t variable and the three 
independent variables (three com ponents of the som atotype) 
jointly. The th ree  com ponents of the  som atotype w ere exam ined 
in a  multiple regression situation b ecau se  the  som atotype, which 
rep resen ts  body physique/proportionality, is a  combination of all 
th ree  com ponents. As w as the c a se  in simple regression, a  
significant in tercept (bo*0) would be indicative of som e type of
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constan t inaccuracy with respect to the equation (Jackson- 
Pollock (1978) or Durnin-Womersley (1974)) being exam ined.
The accuracy of the Jackson-Pollock (1978) equation will be 
exp ressed  a s  (JP-HW)Db indicating that the accuracy value is the 
Jackson-Pollock (JP) estim ate of body density (Db) minus the 
hydrostatic weighing (HW) estim ate of body density. Likewise, 
the accuracy  of the Durnin-Womersley (1974) equation will be 
exp ressed  a s  (DW-HW)Db. The fatness indices utilize body m ass 
(BM)(kg) and  body sta tu re  (BS)(m). The waist-to-hip ratio 
(WC/HC) is the ratio of w aist circum ference (cm) to hip 
circum ference (cm). The com ponents of the H eath-Carter (1967) 
anthropom etric som atotype (endomorphy, m esom orphy, 
ectomorphy) a re  the continuous values derived from individual 
prediction equations from which the ordinal values for the each  of 
the  som atotype com ponents are  eventually derived.
F a tn ess  indices
The regression plot (with regression model) depicting the 
relationship betw een (JP-HW)Db and BM/BS2 is displayed in
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Figure 1a and (DW-HW)Db versus BM/BS2 is depicted in Figure 1b. 
The d a ta  did not exhibit any major departu res from the linear 
regression model a s  described in C hapter III for either 
com parison. The accuracy of the Jackson-Pollock (1978) equation 
did not change significantly (p=0.3958) acro ss  the range of
BM/BS2 and the intercept w as not significantly (p=0.9473) 
different from zero. With regards to the (DW-HW)Db comparison, 
there  w as no significant (p=0.0521) change in accuracy over the
range of BM/BS2 but significance w as approached much more 
closely than in the  (JP-HW)Db analysis but w as nonsignificant 
nonetheless. However, the  intercept for the regression model w as 
significantly less than zero (p-0 .0256). This significant 
departure from zero could indicate som e constan t under prediction 
of body density using the Durnin-Womersley (1974) equation in the 
sam ple exam ined. The ANOVA source and beta  coefficient tables 
for both analyses can be found in Appendix B1 ((JP-HW)Db versus
BM/BS2) and Appendix B2 ((DW-HW)Db versus BM/BS2).
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BMZB&a
The regression plot (with regression model) depicting the
relationship betw een (JP-HW)Db and BM/BS3 is displayed in Figure
2a  and (DW-HW)Db versus BM/BS3 is depicted in Figure 2b. The 
d a ta  did not exhibit any major departu res from the linear 
regression model a s  described in C hapter III for either
comparison. The change in (JP-HW)Db per unit change in BM/BS3 
w as not significant (p=0.4Q09) and  the intercept for the model 
w as not significantly (p=0.8973) different from zero. The change
in (DW-HW)Db over BM/BS3 w as also not significant (p=0.0644) 
but approached significance more closely than the  intercept for
(JP-HW)Db versus BM/BS3. As w as the c a se  in the comparison
betw een (DW-HW)Db and BM/BS2, the intercept for (DW-HW)Db
v ersu s BM /BS3 w as significantly (p«0.0310) less than zero. The 
ANOVA source and beta  coefficient tab les for both analyses can be
found in Appendix B3 ((JP-HW)Db versus BM/BS3) and Appendix B4
((DW-HW)Db versus BM/BS3).
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BMIL33/BS
The regression plot (with regression model) depicting the
relationship betw een (JP-HW)Db and BM0.33/BS is displayed in
Figure 3a  and (DW-HW)Db versus BM0.33/BS is depicted in Figure 
3b. The data  did not exhibit any major departu res from the linear 
regression model a s  described in C hapter III for either 
com parison. As w as the c a se  in the other two fa tness indices, 
there  w as no significant (p=0.4381) changes in (JP-HW)Db over
BM0.33/BS nor w as the  intercept significantly (p=0.6464) 
different from zero. Again, there  w as no significant (p=0.728) 
change  in the  Durnin-Womersley (1974) equation 's accuracy per
unit change of BM0.33/BS but the slope of the function approached 
significance much more closely than when the  Jackson-Pollock 
(1978) equation accuracy w as exam ined. The intercept for the
com parison betw een (DW-HW)Db and BM0.33/BS was not 
significantly different from zero (p -0 .0575) but approached  
significance. The ANOVA source and beta  coefficient tab les for
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both analyses can be found in Appendix B5 ((JP-HW)Db versus 
BM0-33/BS) and Appendix B6 ((DW-HW)Db versus BM0.33/BS).
Regional Fatness Index 
The regression plot (with regression model) depicting the 
relationship betw een (JP-HW)Db and WC/HC is displayed in Figure 
4 a  and (DW-HW)Db versus WC/HC is depicted in Figure 4b. The 
d a ta  did not exhibit any major departu res from the linear 
regression model a s  described in C hapter III for either 
comparison. The relationship betw een (JP-HW)Db and WC/HC 
yielded a  nonsignificant (p=0.6135) slope a s  well a s  a  
nonsignificant (p=0.9528) intercept. Likewise, there  w as not a  
significant (p=0.5020) relationship betw een (DW-HW)Db and 
WC/HC w here the accuracy failed the change significantly over 
WC/HC and the  intercept of the function w as not significantly 
(p=0.4101) different from zero. The ANOVA source and beta 
coefficient tab les for both analyses can  be found in Appendix B7 
((JP-HW)Db versus WC/HC) and Appendix B8 ((DW-HW)Db versus 
WC/HC).
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Body Physique/Proportionality Index 
Expression of a  multiple regression function with three 
independent variables in graphical form is not possible. The 
reason  for this is that the  response  surface is a  plane of more 
than two dim ensions (i.e., hyperplane). Therefore, th ree  different 
sca tte r plots (dependent variable versus each  independent 
variable) a re  p resen ted  for depicting the relationship betw een 
(JP-HW)Db and the three com ponents of H eath-Carter (1967) 
som atotype (Figures 5a-5c) and (DW-HW)Db versus the th ree 
com ponents of the  som atotype (Figures 5d-5f). The multiple 
regression model is p resented  on each sca tter plot even though the 
com plete multiple relationship is not depicted on any one  plot.
The d a ta  did not exhibit any major departures from the linear 
regression model a s  described in C hapter III for either 
com parison. There w as not a  significant (p=0.2599) relationship 
exhibited betw een (JP-HW)Db and the th ree com ponents of the 
H eath-C arter som atotype nor w as there  a  significant (p=0.0847) 
intercept a ssoc ia ted  with the relationship. However, there  w as a  
significant (p=0.0456) relationship de tec ted  betw een the  accuracy
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of the Durnin-Womersley (1974) equation and the com ponents of 
the  H eath-C arter som atotype but the  intercept for the model w as 
not significantly (p=0.7240) different from zero. The ANOVA 
source and beta  coefficient tab les for both analyses can be found 
in Appendix B9 ((JP-HW)Db versus som atotype com ponents) and 
Appendix B10 ((DW-HW)Db versus som atotype com ponents).
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CHAPTER V: DISCUSSION 
As w as d iscussed  in Chapters I and II, the choice of a  body 
density  prediction equation when using anthropom etry to predict 
th e  traditional tw o-com ponents of body com position is critical 
with regards to prediction accuracy. The u se  of equations derived 
from sam ples not representative  of the  individual(s) being 
a s s e s s e d  can confound prediction error from both a  biological and 
m easurem ent standpoint (Sinning & Wilson, 1984). Certain 
equations have been developed to be "generalized" to broader 
populations acro ss  large adiposity and ag e  ranges for specific 
genders. Such generalized equations experience w idespread use 
(Hearon e t al., 1991) despite  the consensus opinion that population 
specific equations should be  used  for body composition estim ation 
from anthropom etry (Lohman e t al., 1988). In fact, researchers 
have attem pted to s tee r the  focus of body composition a sse ssm en t 
research  away from the developm ent of new prediction equations 
and  tow ards the  removal of the least accurate  equations from the 
rather large equation pool (Lohman, 1992; Schoeller & Kushner, 
1991). This elimination of equations from the pool of available
9 6
97
equations could include examining the  prediction accuracy  within 
the  equations' intended populations while taking into account 
som e sam ple characteristic that might have been  ignored in the 
d e riv a tio n .
In the p resen t study, the  accuracies of both the Jackson- 
Pollock (1978) and  Durnin-W omersley (1974) generalized  
equations w ere exam ined. The accuracies of the  equations were 
exam ined relative to certain  fa tn e ss  variables, including indices 
of total adiposity, regional fa tness and body physique/ 
proportionality, apparently  ignored by the  original investigators.
In review, null hypotheses 1A-1E sta ted  that no relationship 
existed betw een the accuracy of the  Jackson-Pollock equation and 
the  com ponents of the  H eath-Carter (1967) som atotype (1A),
WC/HC (1B), BM/BS2 (1C), BM/BS3 (1D) and BM0.33/BS (1E), while 
null hypo theses 2A-2E sta ted  that no relationship existed  betw een 
the accuracy of the  Durnin-Womersley equation and the 
com ponents of the  H eath-Carter som atotype (2A), WC/HC (2B),
BM/BS2 (2C), BM/BS3 (2D) and BM0.33/BS (2E).
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Jackson-Pollock Accuracy (Null H ypotheses 1A-1E)
Based on the data  collected in this study, null hypotheses 1C- 
1E cannot be rejected. The accuracy of the Jackson-Pollock 
(1978) equation did not change significantly over the  range of any
of the three fatness indices examined (i.e., BM/BS2, BM/BS3,
BM 0.33/BS)(slope(bi)=0). While Jackson and Pollock did not 
specifically use  th ese  g ro ss  indices when developing their 
generalized equations, they did a s s e s s  a  broad range of fatness 
(1.0-33.0%  fat) in their sam ple to a ssu re  generalizability acro ss 
variations in total adiposity. T hese  indices a re  representative of 
overall fa tness  (Lohman, 1992) and correlate highly with overall 
adiposity (i.e., percen t body fat estim ated from 
hydrodensitom etry) in the  p resen t investigation (range of 
r=0.683-0.721, p^0.0001 )(Appendices B11-13). B ased on this 
information and given the  fact that this prediction equation w as 
derived to be generalized acro ss a  broad range of adiposity, it is 
no surprise that the  accuracy of the Jackson-Pollock equation in 
this experim ent did not change  significantly with respec t to any 
of the fatness indices.
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Also, for the individuals tested , the accuracy of the Jackson- 
Pollock (1978) equation did not change  significantly with respect 
to waist-to-hip circum ference (WC/HC) (bi=0). Therefore, b ased  
on th ese  data, null hypothesis 1B that the accuracy of the 
Jackson-Pollock equation w as not related to WC/HC cannot be 
rejected. Using WC/HC to represen t regional fat deposition 
(android/gynoid, upper/lower trunk), th e se  d a ta  would indicate 
that the accuracy of body density prediction using the Jackson- 
Pollock equation is not significantly related to regional fa tness. 
That is, the equation 's accuracy is randomly distributed acro ss a  
range of regional fa tness reflected by this ratio. This, however, 
d o es  not imply that all variations in regional fa tness  have no 
influence on the  prediction accuracy of the  Jackson-Pollock 
equation. It is important to point out, a s  w as d iscussed  in Chapter 
II, that WC/HC is a  very g ross indicator of android/gynoid fat 
deposition and estim ates from more specific techniques (e.g., 
m agnetic resonance imaging, com puted tomography, dual energy 
x-ray absorptiom etry) should be  more informative. The presen t 
study, however, chose  to exam ine body density prediction accuracy
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with regards to WC/HC b ecau se  of the  practicality of the 
m easurem ent when com pared to more specific regional fatness 
m easurem ents. For instance, if it w as determ ined that the 
accuracy of either generalized prediction equation w as su sp ec t in 
individuals with elevated  levels of android fat (i.e., elevated  
WC/HC), an investigator would w ant to determ ine if the individual 
being a s s e s s e d  exhibited a  m agnitude of regional fat distribution 
that might alter the accuracy of the body density prediction using 
that particular equation. It only stands to reason that if an 
investigator is using anthropom etry to a s s e s s  body composition, 
a c c e ss  to more advanced technology to exam ine regional fatness 
is not available. If a c c e ss  to this technology w as available, the 
investigator would likely be  using the  more advanced  technology 
to exam ine overall body composition instead of anthropom etry. 
Possible explanations for th ese  findings concerning WC/HC include 
that the prediction equation is indeed generalized acro ss  a  range 
of our index of android/gynoid fat distribution or that the  original 
equation derivation sam ple w as hom ogeneous with the  one in the 
p resen t study relative to WC/HC. If the  latter is true, then a
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sam ple with a  wider range in WC/HC or one with considerably less 
variation (e.g., a  sam ple with elevated gynoid deposition or 
d ep ressed  WC/HC only) might yield a  different relationship 
betw een the Jackson-Pollock accuracy and  WC/HC. This particular 
m easurem ent (i.e., WC/HC) w as not m ade in the original derivation 
study so it is not known what the WC/HC range w as and how the 
WC/HC range in the sam ple here com pares to the derivation study.
The accuracy of the Jackson-Pollock (1978) body density 
prediction did not alter significantly with respec t to ch an g es in 
the  H eath-C arter (1967) anthropom etrical som atotype (fail to 
reject null hypothesis 1A). When the  Jackson-Pollock equation 
w as derived, the  authors sta ted  that the sam ple "varied 
considerably in body structure" which would m ake this 
characteristic  (i.e., body structure) a  consideration in the 
generalizability of the  equation. However, no formal qualification 
or quantification of body physique/ proportionality w as 
m entioned. The p resen t study quantified physique/proportionality 
using the H eath-Carter som atotype and confirmed that the 
Jackson-Pollock equation suffered no pattern of inaccuracy
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acro ss  a  full range of body physique/proportionality. W hether or 
not Jackson  and Pollock quantified body structure appears  
irrelevant. B ased on the da ta  exam ined here no question 
concerning the  generalizability of their equation can be raised 
with resp ec t to physique/proportionality within a  sam ple  similar 
in gender, race, age, overall adiposity to the  original derivation 
sam ple. Thus, the  m easure  utilized, w hether quantitative or 
qualitative, m ust be considered accurate. As d iscussed  with 
resp ec t to WC/HC, sim ilar sub ject physiques/proportionalities in 
the original research  and the p resen t study could also account for 
th e se  findings.
Finally, a s  d iscussed  in Chapter V, when examining the 
accuracy response  of the prediction equation it is often of 
in terest to exam ine the intercepts (bo) of the regression 
functions describing the  relationships being exam ined. In the 
functions describing the relationships betw een the  accuracy of 
the Jackson-Pollock (1978) equation and the  independent 
variables, none of the  intercepts w ere significantly g rea te r than 
zero  (bo*0). This would indicate that there  w as no significant
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constan t under estim ate or over estim ate of body density withi the 
Jackson-Pollock equation when com pared to the  criterion 
a sse ssm e n t in the presen t study. Another m ethod of examining 
the consistency of the Jackson-Pollock equation to over- or under 
predict body density is to calculate a  95%  confidence interval for 
the  m ean (JP-HW)Db. If (JP-HW)Db=0 is contained within the 95% 
interval then this would indicate no consistent inaccuracy. In the 
p resen t study, this 95% confidence interval (0.006 to 0.010
g ml-1) did not include (JP-HW)Db=0 which would a  indicate 
constan t over prediction of body density. However, the  m ean 
(JP-HW)Db confidence interval w as the equivalent of -4.471 to 
-2.564%  fat. This range of prediction deviation is well within the 
expected  error range when predicting body density (obtained from 
hydrodensitometry) from anthropom etry (Lohman, 1992).
Durnin-W omersley Accuracy (H ypotheses 2A-2E)
No significant change in the body density prediction accuracy 
of the  Durnin-Womersley (1974) equation w as detected  over the
range of any of the three fatness indices exam ined (i.e., BM/BS2,
BM/BS3, BM0.33/BS)(bi*0). Based on th ese  data, null hypotheses
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2C-2E cannot be  rejected. As w as the c a se  with the Jackson- 
Pollock (1978) equation, th ese  results a re  not surprising since 
Durnin and W omersley also selected  a  sam ple for the derivation of 
their equation that varied with respec t to overall adiposity (5.0- 
50.0%  fat). However, som e researchers would observe the data  
collected in the  p resen t investigation and note that there  w as a  
possib le  statistical trend regarding the  accuracy  of the  Durnin- 
W omersley equations and these  adiposity indices. This 
observation is b ased  on the  low p-values associated  with the
relationships (p=0.0521, 0.0644 and 0.0728 for BM/BS2, BM/BS3
and BM0.33/BS, respectively) relative to the com parisons betw een 
the  Jackson-Pollock accuracy and th ese  fa tness indices. 
N evertheless, b ased  on the  d a ta  collected, the  statistically 
nonsignificant relationship betw een th e  Durnin-W omersley 
accuracy and th ese  fa tness indices m ust be recognized. Therefore, 
the  generalizability of th e se  equations acro ss the  broad range of 
adiposity similar to the original derivation sam ple and the sam ple 
used here must be supported.
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Similar to the accuracy of the Jackson-Pollock (1978) 
equation, the  accuracy of the  Durnin-Womersley (1974) equation 
did not change significantly with respect to WC/HC (bi=0) and null 
hypothesis 2B w as not rejected based  on the d a ta  collected. As 
w as the  c a se  with Jackson and Pollock's work, no reference to 
regional adiposity w as m ade in the derivation of Durnin and 
W omersley's generalized equation. The d a ta  p resented  here do not 
suggest that the  accuracy of the body density predictions change 
with resp ec t to regional distribution of fat or a t least with 
respect to this g ross indicator of android/gynoid fa tness. Like the 
Jackson-Pollock results d iscu ssed  previously, th e se  d a ta  support 
the  generalizability of the Durnin-Womersley equation acro ss  our 
range of the  chosen  indicator of android/gynoid fat distribution 
(i.e., WC/HC). However, a s  mentioned previously, there is a  
possibility that the sam ple in the  p resen t study and the  original 
derivation sam ple Durnin and W omersley tested  a re  hom ogeneous 
with respec t to WC/HC.
A significant relationship w as detected  betw een the accuracy 
of the  Durnin-Womersley (1974) equation and the  H eath-Carter
10 6
(1967) anthropom etric som atotype resulting in a  rejection of null 
hypothesis 2A. Body density prediction accuracy changed 
significantly a s  the com ponents of the anthropom etric som atotype 
changed. As w as the c a se  with Jackson and Pollock’s  (1978) work, 
Durnin and W omersley claimed their sam ple to represen t a  variety 
of body physiques/proportionalities. The au thors specifically 
s ta te  that "the sub jects w ere deliberately se lec ted  to represen t a  
variety of body types" but no details concerning body type 
qualification or quantification w ere given. Analysis of the d a ta  
from the p resen t study su g g ests  that the Durnin-Womersley 
equation is not generalized across the range of body physiques/ 
proportionalities reflected in the sam ple exam ined in the  p resen t 
study. However, a s  w as detailed in Chapter III, the sam ple in the 
p resen t study w as drawn so  that it fell within the  populations of 
both the Jackson-Pollock and Durnin-Womersley studies. Despite 
this, one  can  a ssu m e  that the  physiques/proportionalities w ere 
different betw een the sam ple exam ined in this study and the 
original derivation sam ple. The Durnin-Womersley equation is 
apparently not generalized with respect to body
107
physique/proportionality (as  quantified by the  H eath-C arter 
som atotype) but specific to the  original derivation sam ple.
There are  other possible reasons why the Jackson-Pollock 
(1978) equation show ed no significant relationship with the 
anthropom etric som atotype but the  Durnin-W omersley (1974) 
accuracy did. T hese explanations can be found by examining the 
differences in the  developm ent of the  two generalized equations. 
Generally, both studies w ere conducted in a  similar fashion on 
similar sam ples. Both studies chose to incorporate the sum  of 
skinfold m easu rem en ts but a t different s ites (Jackson- 
Pollock=chest, thigh, abdom inal; Durnin-W om ersley=subscapular, 
triceps). All of th ese  sites a re  commonly used  indicators of 
subcu taneous fat (Lohman e t al., 1988) so  differences in 
generalizability or accuracy  resulting specifically from the choice 
of m easurem ents is unlikely. More likely would be the fact that 
the  Durnin-W omersley equation sh a res  two common skinfold 
m easurem ents (triceps and subscapular) with those  included in 
the  H eath-C arter som atotype (triceps, subscapular, suprailiac and 
calf). This could be the reason  for the significant relationship
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betw een th e  Durnin-Womersley accuracy and the som atotype if 
triceps and /or subscapu lar fa tn ess  w as the  critical factor in 
prediction accuracy variations betw een subjects. In the  d a ta  
collected, subscapu lar fa tn ess  w as not significantly related  to 
the  prediction accuracy of either the  Durnin-W omersley equation 
(p=0.1735)(Appendix B14) or the  Jackson-Pollock equation 
(p=Q.3040)(Appendix B15). However, triceps fa tness w as 
significantly related  to the  Durnin-W omersley accuracy  
(p=0.0248)(Appendix B16) but not with the Jackson-Pollock 
accuracy  (p=0.5096)(Appendix B17). The significant relationship 
betw een triceps skinfold size  and th e  Durnin-W omersley accuracy 
coupled with the  fact that that sam e m easurem ent (triceps 
skinfold) is utilized in the calculation of the som atotype could 
accoun t for the  generalizability problem s the  Durnin-W omersley 
equation displayed with regards to physique/proportionality.
The fact that the  Durnin-Womersley (1974) equation utilized 
two skinfold m easurem ents a s  opposed to three like Jackson and 
Pollock (1978) w as probably not a  factor in the  equation 's lack of 
generalizability. In Durnin and W om ersley's original investigation
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m any different prediction equations w ere developed with up to 
four sites included in any one equation. The equation utilizing the 
sum  of the subscapular and  triceps skinfold accounted for the 
g rea tes t variation assoc ia ted  with body density acro ss the age  
groups when accounting for the num ber of model param eters. 
Likewise, Jackson  and Pollock developed more complex m odels to 
predict body density but the  th ree  site quadratic equation 
incorporating the  sum  of the chest, abdominal and  thigh skinfolds 
along with sub ject ag e  yielded prediction accuracies that w ere 
not significantly less  than the more complex m odels.
Another possible reason for the different relationships 
exhibited betw een the accuracy of the two equations and the 
som atotype is that the  Jackson-Pollock (1978) equation 
incorporated age  a s  a  predictor of body density (i.e., a s  an 
independent variable for body density prediction). Durnin and 
W om ersley (1974) chose  to develop different prediction equations 
for different age  groups. This should not have been a  factor in the 
p resen t study a s  the sam ple w as drawn from a  single age  group 
(as defined by Durnin-Womersley) and both the prediction
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equations, in som e form or another, recognize and account for age 
variations in fatness.
The primary difference betw een the two stud ies is the  nature 
in which the  authors dealt with the curvilinear relationship 
subcutaneous fat and body density. Jackson-Pollock (1978) chose 
to develop their prediction equation a s  a  quadratic model while 
Durnin-W omersley (1974) ch o se  to transform  their d a ta  using a  
logarithmic transform ation. Jackson-Pollock claim ed that when 
com parisons betw een their quadratic equations to logarithmic 
equations derived from their raw data , the quadratic equations 
w ere "more accurate". However, when examining the d ecrease  in 
accuracy related to the  logarithmic equations (the increase in 
body density estim ate error and d ecrease  in agreem ent betw een 
predicted and criterion body densities) the difference betw een 
logarithmic and  quadratic equations w as minimal and apparently 
not significant. It is possible that this w as assoc ia ted  with the 
generalizability of the two equations with respec t to  the  
som atotype. However, a s  d iscussed  previously with the Jackson- 
Pollock equation, it is more likely that Jackson  and Pollock simply
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did a  better job of obtaining a  wider range of body 
physiques/proportionalities than did Durnin and  W om ersley 
resulting in the  Jackson-Pollock equation being m ore generalized 
with re sp ec t to body physique/proportionality.
Significant or near significant intercepts (bo*0) w ere noted 
for the regression  functions describing the  relationships betw een 
the  Durnin-Womersley (1974) accuracy and the  fa tness  indices 
only. This could suggest som e type of significant constan t error 
with respec t to the  equation 's accuracy acro ss  the fa tn ess  indices 
(i.e., consistent under or over estimation). The 95% confidence
interval about the m ean (DW-HW)Db (-0.006 to -0.001 g ml-1) did 
not contain (DW-HW)Db=0 which would confirm a  constant under 
estim ation. However, when this confidence interval is converted 
to percent body fat (0.284 to 2.601%  fat), this deviation range is 
well within the  expected  error range when predicting body density 
(from hydrodensitom etry) from anthropom etry (Lohman, 1992).
Sum m ary
In summary, based  on the  data  collected, none of the  null 
hypo theses w ere rejected with respec t to the  Jackson-Pollock
1 1 2
(1978) equation. Therefore, based  on th ese  results, no dispute 
concerning the  generalizability of the  Jackson-Pollock equation 
within a  sam ple similar to the  original derivation sam ple and the 
sam ple a s se s s e d  in the p resen t study relative to age, total 
adiposity, regional fa tness (as quantified by WC/HC) and body 
physique/proportionality (a s  quantified by the  H eath-C arter 
(1967) som atotype) can be m ade. Similarly, no question can be 
raised  concerning the  generalizability of the  Durnin-W omersley
(1974) equation within a  sam ple similar to the p resen t sam ple and 
the derivation sam ple with respect to age, total adiposity and 
regional fatness (as quantified by WC/HC). However, based  on the 
d a ta  collected, questions a re  raised concerning the  
generalizability of the  Durnin-W omersley equation with respec t to 
body physique/proportionality (as quantified by the  H eath-C arter 
som atotype) a s  the  null hypothesis stating no differences exist 
betw een the  accuracy of the  Durnin-Womersley equation and the 
som atotype w as rejected.
CHAPTER VI: SUMMARY AND CONCLUSIONS
The purpose of the investigation w as to exam ine the  accuracy 
of commonly used generalized equations for predicting body 
density from anthropom etric m easurem ents and age  in male 
subjects. Specifically, the  study exam ined the accuracy  of the 
Jackson-Pollock (1978) and Durnin-W omersley (1974) equations 
and the  relationship betw een those  accuracies and various indices
of overall fa tness (BM/BS2, BM/BS3, BM0.33/BS), body 
physique/proportionality (anthropom etric som ato type) and 
regional fat distribution (WC/HC). If the  accuracies of these  
equations show ed a  significant relationship with any of these  
variables, a s  opposed  to a  random distribution of accuracy across 
the  range of th ese  variables, the  generalizability of the  equations 
could be questioned.
The results revealed that the accuracy of the Jackson-Pollock 
(1978) equation w as not significantly related to any of the 
adiposity indices, the anthropom etric som atotype nor WC/HC. 
Likewise, the Durnin-W omersley (1974) equation 's accuracy w as 
not significantly related to any of the fa tness indices, although
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all of the  relationships app roached  statistical significance, and 
WC/HC. However, unlike the Jackson-Pollock equation accuracy, 
the  accuracy of the Durnin-Womersley equation did change 
significantly a s  the  com ponents of the  H eath-C arter (1967) 
som atotype changed.
The results suggest that the Jackson-Pollock (1978) equation 
w as generalized across the  sam ple range of adiposity, g ross 
indicator of android/gynoid fat distribution and  body 
physique/proportionality. B ased on the d a ta  gathered  in the 
presen t study, no questions are  raised concerning the use  of the 
Jackson-Pollock generalized  equation for body density  estim ation.
With respec t to the  Durnin-Womersley (1974) equation, the
results support the  generalizability of the equation ac ro ss  the 
sam ple range of adiposity and the g ro ss  indicator android/gynoid 
fat distribution. However, the d a ta  collected in the  p resen t study 
sug g est that the Durnin-Womersley equation may not be 
generalized across a  broad range of body physiques/ 
proportionalities. Consideration m ust be given to this
shortcom ing of the  Durnin-Womersley equation prior to its u se  for
11 5
the  prediction of body density  from anthropom etrical 
m easu rem en ts .
There has been a  call for the removal of the least accurate 
body composition prediction equations from the vast pool of 
available prediction equations and a  call for more population 
specific equations to be utilized over generalized prediction 
equations (Lohman e t al., 1988; Lohman, 1992; Schoeller &
Kushner, 1991). In response to this call this study w as undertaken 
to exam ine the generalizability of two of the more commonly used 
generalized body density prediction equations. Q uestions have 
been  raised concerning the  generalizability of one of the equations 
(i.e., Durnin-W omersley (1974)) while the other (i.e., Jackson- 
Pollock (1978)) equation 's claim of generalizability rem ains 
intact based  on the data  presented. Therefore, the present 
investigation revealed no information that could be used  to 
d iscourage the u se  of the Jackson-Pollock generalized body 
density prediction equation on a  population similar to the p resen t 
sam ple. However, based  on the findings concerning the Durnin- 
W omersley equation, it is suggested  that generalized equations
1 16
continue to be exam ined for generalizability with respec t to other 
sam ple  characteristics which might have been ignored in the 
derivation of these  equations.
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APPENDIX A: SUBJECT INFORMED CONSENT
CONSENTTO ACT AS A SUBJECT IN AN EXPERIMENTAL STUDY
Study Title:
The Relationship Between The Accuracy Of Certain "Generalized" Body Density 
Prediction Equations And Indices Of Fatness, Body Physique/Proportionality And Fat 
D istribution
Principal Investigator:
Christopher M. Hearon, M.Ed.
Department of Kinesiology 
Louisiana State University 
112 Huey P. Long Fieldhouse 
Baton Rouge, LA 70803-7101 
5 0 4 - 3 8 8 - 2 0 3 6
Arnold G. Nelson, Ph.D.
B. Don Franks, Ph.D.
Ellen L. Glickman-Weiss, Ph.D.
Department of Kinesiology
5 0 4 - 3 8 8 - 2 0 3 6
James P. Geaghan, Ph.D.
Department of Experimental Statistics
5 0 4 - 3 8 8 - 8 3 0 3
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Study Description:
This study is being undertaken to evaluate the accuracy of certain generalized 
prediction equations for body density from anthropometric measurements in males. 
Consideration will be given to specific indices of fatness, body physique/ 
proportionality and fat distribution which were not considered in the development of 
the generalized equations.
Subjects .Qualifications:
1. Male
2. Caucasian
3. Age=18-61 years
4. Total percent body fat=7.0-33.0%
Participation Requirements:
1. Subjects will report for testing after a  12-h fast.
2. Subject height and weight will be measured.
3. Body circumferences will be measured on each subject at 3 anatomical sites using 
a  linen measuring tape.
4. Bone breadth measurements will be made at 2 anatomical sites using spreading 
caiiper.
5. Skinfold measurements will be made at 7 anatomical sites using standard skinfold 
caliper.
6. Residual volume (i.e., the volume of air remaining in the lungs following a 
maximal expiration following a  maximal inspiration) will be measured on each 
subject. The procedure will require the subjects to breath seven complete breaths 
from an anaesthesia bag containing 100% oxygen. The subjects will then be required 
to expire maximally into the bag which usually takes about 5 s. During this 
procedure the subjects will be required to wear noseclips and a  mouthpiece which 
will be connected to the anaesthesia bag.
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7. Subjects will be measured for body density via hydrostatic weighing. This 
procedure will require each subject to be submerged in a  450 gallon hydrostatic ' 
chamber equipped with a  weighted chair suspended from an autopsy scale. Water 
temperature in the chamber will be monitored and maintained at approximately 33°C. 
Once seated in the suspended chair, the subjects will be required to forcefully expire 
the contents of their lungs while bending forward so a s  to submerge themselves. The 
subjects will be instructed resurface when maximal expiration has occurred and a 
reading has been made. Subjects may resurface at any time prior to this point if 
discomfort or some other problem arises. The procedure will be repeated until 
reliable readings occur which usually results in approximately 10 trials.
Bisl&:
There are no severe risks associated with any of the procedures outlined previously. 
All of the aforementioned procedures are common laboratory procedures in most 
major university exercise physiology laboratories. However, some individuals have 
difficulty performing the hydrostatic weighing procedure due to the unusual activity 
involved (i.e., submersion in water while forcefully expiring the contents of the 
lungs). Despite this difficulty, most subjects can learn to perform the task with 
little discomfort.
Benefits:
Upon successful participation in the investigation subjects will have a  reliable 
estimate of their body composition in relation to the two component model (i.e., fat 
m ass, fat-free mass).
CftDfitteDtiality:
Any information about you obtained from this research including laboratory data will 
be held confidential. You do understand that your research records, just like hospital 
records, may be subpoenaed by court order. It has been explained that your identity 
will not be revealed in any description or publication of this research.
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Bight .to Withdraw:
You do understand that you are free to refuse participation in this study or to 
withdraw at any time during the study. You also understand that the investigator(s) 
may ask that you withdraw from the study.
Compensation for Injury onJUness:
You understand that in the event of physical illness or injury resulting from the 
research procedure, no monetary compensation will be made, but any immediate 
emergency medical treatment which will be necessary will be provided.
Voluntary Consent:
I certify that I have read the preceding, or it has been read to me and that I understand 
its contents. Any questions I have pertaining to the research have been and will be 
answered by Christopher M. Hearon, M.Ed. or Arnold G. Nelson, Ph.D.. My signature 
below means that I have freely agreed to participate in the experimental study.
Date Subject
Witness
I certify that I have explained to the above individual the nature and purpose, the 
potential benefits and possible risks associated with participating in this research 
study, have answered any questions that have been raised and have witnessed the above 
signature.
Date Investigator
APPENDIX B: ANALYSES
1. Analysis Source Table ((JP-HW)Db vs B M /B S2)
D ependent Variable: (JP-HW)Db 
Independent Variable(s): BM/BS2 (X1)
Slf L £2- iZm Std. Error
4 4  0 .1 3 0  0 .0 1 7  0 .0 0 6  0 .0 0 7
ANOVA Source d J  £ £  M i £
R egression  1 3.916 x 10-5 3.916 x 10-5 0 .7360
R esidual 4 3  0 .0 0 2  5.322 x 10-5 p=0.3958
T o ta l 4 4  0 .0 0 2
B eta^C oefficient Table
B ela  Value. Std. Error t-V a lu e  p -Va lu e
bo 0.001 0 .0 0 8 7 7  0 .0 6 6  0 .9 4 7 3
bi 2.892 x 10-4 3.371 x 10-4 0 .8 5 8  0 .3 9 5 8
Beta.. Coefficient C onfidence Intervals
I M a  9.5%.,Lqw 95% Up 90% Low 90% Up
bo -0 .0 1 6 7  0 .0 1 8 7  -0 .0 1 3 7  0 .0 1 5 7
bi -3.907 x 10-4 0 .0010  -2.776 x 10-4 0 .0 0 1 0
1 3 3
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2. Analysis Source Table ((DW-HW)Db vs BM/BS2)
Dependent Variable: (DW-HW)Db 
Independent Variable(s): BM/BS2 (X1)
d i  r £2- i2adj Std. Error
4 4  0.291 0 .0 8 5 0 .0 6 4 0 .009
ANOVA Source rii 2 2 m .
R egression 1 2.936 x 10-4 2.936 x 10-4
R esidual 4 3 0 .0 0 3 7.357 X 10-5
T o ta l 4 4 0 .0 0 3
B eta Coefficient Table
Beta Yaiue Std. Error t-V a lu e  o-V alue
bo -0 .0 2 4  0 .0 1 0  -2 .3 1 3  0 .0 2 5 6
bi 0.001 3.963 x 10-4 1 .998  0 .0521
B eta Coefficient C onfidence Intervals
J M a  953U.PW S S U  90% Low 90% Up
bo -0 .0 4 4 2  -0 .0 0 3 8  -0 .0 4 0 8  -0 .0 0 7 2
bi -7.577 x 10-6 0 .0 0 2 0  1.255 x 10-4 0 .0 0 1 0
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3. Analysis Source Table ((JP-HW)Db vs BM/BS3)
D ependent Variable: (JP-HW)Db 
Independent Variable(s): BM/BS3 (X1)
SU L £2. iZadi Std. Error
4 4  0 .1 2 8 0 .0 1 6 0 .0 0 6 0 .0 0 7
ANOVA Source d l SB m
R egression 1 3.832 x 10-5 3.832 x 10-5
R esidual 4 3 0 .0 0 2 5.324 X 10-5
T o ta l 4 4 0 .0 0 2
E
0 .7 2 0 0
p = 0 .4 0 0 9
B_eta__Coefficient Table 
Bsla Value
bo 0.001
bi 4 .748 x 10-4
Std. Error 
0 .0 0 8  
0.001
LYalu..e
0 .1 3 0 0
0 .8 5 4 8
p-V alue
0 .8 9 7 3
0 .4 0 0 9
Bata_£o.efficient. C onfidence Intervals 
Bela 9.5% lo w  95% Up
bo -0 .0 1 5 1  0.0171
b i -0 .0 0 1 0  0 .0020
9.Q.% LOW 
- 0.0100
-4 .66  x 10-4
9.0% Up 
0 .0 1 4 4
0.0010
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4. Analysis Source Table ((DW-HW)Db vs BM/BS3)
D ependent Variable: (DW-HW)Db 
Independent Variable(s): BM/BS3 (X1)
Slf L £2. r% di Std. Error
4 4  0 .2 7 8 0 .0 7 7 0 .0 5 6 0 .0 0 9
MQVA_§.qu[C£ d f SB m £
R egression 1 2.673 x 10-4 2.673 x 10-4 3 .6 0 4
R esidual 4 3 0 .003 7.418 x 10-5 p=0.0644
T o ta l 4 4 0 .003
B eta  Coefficient Table
B s ia  Vjaiiis Std. Error
bo -0 .0 2 2  0 .010
b i 0 .001 0.001
fc^aJ-U.S P-V alue
-2 .2 3 0 0  0 .0 3 1 0
1 .8980  0 .0 6 4 4
Bsta__Coeffjcient C onfidence Intervals
95% Low 95% Up 90% Low 90% Up
bo -0 .0 4 2 2  -0 .0 0 1 8  -0 .0 3 8 8  -0 .0 0 5 2
-7.827 x 10-5  0 .0 0 3 0 -1 .435  x 10-4 0.0020
1 37
5. Analysis Source Table ((JP-HW)Db vs BM0.33/BS)
D ependent Variable: (JP-HW)Db 
Independent Variable(s): BM0.33/BS (X1)
d_f l 1.2. l2adi StcL. Error
4 4  0 .1 1 9 0 .0 1 4  0 .0 0 9  0 .0 0 7
A.NQVA Source d i s s E
R egression  1 3.269 x 10-5 3.269 x 10-5 0 .6130
R esidual 4 3 0 .0 0 2 5.337 x 10-5 p=0.4381
T o ta l 4 4 0 .0 0 2
B eta Coefficient Table
Beta Value. Std. Error I-Value p-Value
bo -0 .1 2 0 0 .025 -0 .4 6 2 0 0 .6 4 6 4
bi 0 .0 0 8 0 .010 0 .7 8 3 0 0.4381
B eta Coefficient C onfidence Intervals
B eta  95% Low m ..u p 90% Low 90%„UP
bo -0 .0 6 2 4 0 .0 3 8 4 -0 .0 5 4 0 0 .0 3 0 0
bi -0 .0 1 3 0 0 .0 2 9 0 -0 .0 0 9 0 0 .0 2 6 0
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6. Analysis Source Table ((DW-HW)Db vs BM0.33/BS)
D ependent Variable: (DW-HW)Db 
Independent Variable(s): BM0.33/BS (X1)
d i  l 12. t e r n Std. Error
4 4  0 .270 0 .073 0.051 0 .0 0 9
ANQVA Source d l SB m
R egression 1 2.521 x 10-4 2.521 x 10-4
R esidual 4 3 0 .003 7.453 x 10-5
T o ta l 4 4 0 .003
E
3 .383
p=0.0728
B eta Coefficient Table
B e la  V alue SJtdx-Error t-V a lu e  p-V aiue
bo -0 .0 5 8  0 .0 3 0  -1 .9 5 2  0 .0 5 7 5
b i 0 .0 2 3 0  0 .0 1 2  1 .839  0 .0 7 2 8
B eta Coefficient Confidence Intervals
Bela 95% Up 90% Low 90% Up
bo -0 .1 1 8 5  0 .0 0 2 5  -0 .1 0 8 4  -0 .0 0 7 6
b i -0 .0 0 2 0  0 .0 4 8 0  0 .0 0 2 0  0 .0 4 3 0
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7. Analysis Source Table ((JP-HW)Db vs WC/HC)
D ependent Variable: (JP-HW)Db 
Independent Variable(s): WC/HC (X1)
fit! L £2. [2asti SftL  Error
44  0.077 0.006 0.017 0.007
AfcLOVA.Soume d i 3 3
R egression  1 1.393 x 10-5 1.393 x 10-5
R esidual 43 0.002 5.380 X 10-5
T o ta l 44 0.002
B eta Coefficient Table
S sia  Value S td . Error L va lu e
bo -0.001 0.018 -0.0600
b i 0.011 0.021 0.5090
B eta Coefficient Confidence Intervals
E e ia
bo
bi
95% Low
-0 .0 3 7 3
-0 .0 3 2 0
95% JJd
0 .0353
0 .0540
90%..,LOW 
-0 .0 3 1 3
-0 .0 2 5 0
E
0.2590
p=0.6135
Pz-Valiifl
0 .9 5 2 8
0 .6 1 3 5
9Q.% Up 
0 .0293  
0 .0 4 7 0
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8. Analysis Source Table ((DW-HW)Db vs WC/HC)
D ependent Variable: (DW-HW)Db 
Independent Variable(s): WC/HC (X1)
d i  l 12. l2adi Std. Error
44  0.103 0.011 0.012 0.009
ANOVA Source d i SB m
R egression 1 3.647 x 10-5 3.647 X 10-5
R esidual 43 0.003 7.955 X 10-5
T o ta l 4 4 0.003
E
0.4580
p=0.5020
B eta Coefficient Table 
Beta V alue
bo -0 .018
b i 0.018
Std. Error 
0.022  
0.026
t -Value
-0 .832
0.6770
PrValue
0.4101
0.5020
B eta Coefficient C onfidence Intervals 
Bela 35% Lew 35%.,Up 90% Low
bo -0 .0624  0.0264 -0 .0550
b i -0 .0350  0.0700 -0 .0260
33%iip
0.0189
0.0610
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9. Analysis Source Table ((JP-HW)Db vs Somatotype)
D ependent Variable: (JP-HW)Db 
Independent Variable(s): Endomorphic Com ponent (X1) 
Mesomorphic Component (X2) 
Ectomorphic Component (X3)
fiLf L l2- r?m Std. Error
4 4  0 .3 0 4 0 .0 9 2  0 .0 2 6  0 .0 0 7
AN.CLVA .Source dl SB m E
R egression  3 2.146 x 10-4 7.154 x 10-5 1.388
R esidual 41 0 .0 0 2 5.153 x 10-5 p=0.259!
T o ta l 4 4 0 .0 0 2
B eta Coefficient Table
Beta Value Sid, .Error t-V a lu e p ..Value
bo 0 .0 3 0 0 .0 1 7 1 .767 0 .0 8 4 7
b i 1.021 x 10-4 0.001 0 .2 0 4 0 .8 3 9 6
b2 -0 .0 0 3 0 .002 1 .579 0 .1 2 2 0
b3 -0 .0 0 4 0 .004 1 .166 0 .2503
B eta Coefficient C onfidence Intervals
B e la  95% Low m,jju 90% .Low 90% Ud
bo -0 .0 0 4 3 0 .0643 0 .0 0 1 4 0 .0 3 0 0
b i -0 .0 0 1 0 0 .0010 -0 .0 0 1 0 0 .0 2 6 0
b2 -0 .0 0 6 0 0 .0 0 1 0 -0 .0 0 6 0 0 .0 3 0 0
b3 -0 .0 1 2 0 0 .0030 -0 .0 1 0 0 0 .0 2 6 0
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10. Analysis Source Table ((DW-HW)Db vs Somatotype)
Dependent Variable: (DW-HW)Db
Independent Variable(s): Endomorphic Com ponent (X1)
Mesomorphic Component (X2) 
Ectomorphic Component (X3)
d i  l £2- l^adi Std. Error
4 4  0.41 9 0 .1 7 6 0 .1 1 6 0 .0 0 8
ANQYA Source d i SS m E
R egression 3 0.001 2.026 i
OT"*X 2.915
R esidual 41 0 .003 6.949 X 10-5 p=0.0456
T o ta l 44 0 .0 0 4
B eta  Coefficient Table
Beta Value Std._ Error t-V a lu e PiY_alue
bo -0 .0 0 7 0 .019 -0 .3 5 6 0 .7 2 4 0
bi -0 .0 0 1 0.001 1 .574 0 .1 2 3 2
b2 -0 .0 0 1 0 .0 0 2 0 .279 0 .7 8 2 0
b3 1.055 x 10-4 0 .004 0 .250 0 .9 8 2 0
B eta  Coefficient C onfidence_Jntervals
Bfila
bo
b i
b2
b3
95% Low 
-0 .0 4 5 3
- 0.0020
-0 .0 0 5 0
-0 .0 0 8 0
S52LUD
0 .3 7 6 2
2.595 x 10-4
0 .0 0 3 0
0 .0 0 9 0
SfiSklaw
-0 .0 3 8 9
- 0.0020
-0 .0 0 4 0
-0 .0 0 7 0
m .u p
0 .0 2 4 9  
6.354 x 10-5 
0 .0 0 3 0  
0 .0 0 7 0
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11. Analysis Source Table (B M /B S 2  vs Percent Body Fat)
D ependent Variable: Percent Body Fat 
Independent Variable(s): BM/BS2 (X1)
d i  l 12- i2adi S ttL  Error
4 4  0 .7 2 0 0 .5 1 8 0 .5 0 7  5 .3 8 4
mm.,  sou rce d i £ £ m
R egression 1 13 3 9 .6 2 0 1 3 3 9 .6 2 0
R esidual 4 3 1 2 4 6 .5 5 2 28 .990
T o ta l 4 4 2 5 8 6 .1 7 2
£
46 .210
p<0.0001
Beta-Gfl.sfficien.t- Table 
Beta -Value,
bo ”2 8 .8 9 9
bi 1.691
Std... Error
6 .479
0 .249
1 r Va lue
-4 .4 6 1
6 .7 9 8
p-V alue
0.0001
0.0001
B eta -Coefficient C onfidence Intervals 
Beta 95%.JrPW 95% Up
bo -4 1 .9 6 5 1  -1 5 .8 3 2 9
b i 1 .1890  2 .1 9 3 0
90% Low
-3 9 .7 9 0 7
1 .2730
90% Up
-1 8 .0 0 7 3
2.1100
1 4 4
12. Analysis Source Table (BM/BS3 vs Percent Body Fat)
D ependent Variable: Percent Body Fat 
Independent Variable(s): BM/BS3 (X1)
d i l 1.2. t2^ i Std ,-E rror
4 4  0.691 0 .4 7 7  0 .4 6 5  5 .6 0 8
A.N.OVA Source d i SS m
R egression  1 1 2 3 3 .6 6 5 1 2 3 3 .6 6 5
R esidual 4 3 1 3 5 2 .5 0 7 31 .4 5 4
T o ta l 4 4 2 5 8 6 .1 7 2
B eta Coefficient Table
Bata Value Std,. Error t.- Value
bo -2 4 .7 9 3 6 .378 -3 .8 8 7
b i 2 .6 9 4 0 .430 6 .263
B eta Coefficient C onfidence Intervals
B eta  95% Low 95% Up 90% Low
bo -3 7 .6 5 5 4 -1 1 .9 3 0 6 -3 5 .5 1 4 4
bi 1 .8260 3 .5620 1 .9710
E
39 .222
p<0.0001
p-V alue
0 .0 0 0 3
0.0001
m i te
-1 4 .0 7 1 1
3 .4170
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13. Analysis Source Table (BM0.33/BS vs Percent Body Fat)
Dependent Variable: Percent Body Fat 
Independent Variable(s): BM0.33/BS (X1)
d i  l £2. r2adj Std. Error
4 4  0 .6 8 3 0 .4 6 7 0 .4 5 4  5 .663
ANQVA...Source d i
R egression 1 1 2 0 7 .1 9 7 1 2 0 7 .1 9 7
R esidual 4 3 1 3 7 8 .9 7 5 3 2 .0 6 9
T o ta l 4 4 2 5 8 6 .1 7 2
£
37 .644
p^O.0001
B eta  Coefficient Table 
B e la  V alue Std. Error
bo -1 0 4 .8 5 6  19.521
b i 4 9 .6 6 2  8 .0 9 4
1-Value
-5 .3 7 1
6 .1 3 5
p-Value
0.0001
0.0001
B eta Coefficient C onfidence Intervals 
Ee.ta 95%  Low 95% Up
bo -1 4 4 .2 2 3 8  -6 5 .4 8 8 2
bi 3 3 .3 3 7 0  6 5 .9 8 8 0
9.0%.-Lpw 90% Up
-1 3 7 .6 7 2 2  -7 2 .0 3 9 8  
3 6 .0 5 4 0  6 3 .2 7 1 0
14. Analysis Source Table
((DW-HW)Db vs Subscapular Skinfold Thickness)
Dependent Variable: (DW-HW)Db
Independent Variable(s): Subscapular Skinfold Thickness (X1)
d i  L £2- Std. Error
4 4  0 .2 1 0 0 .0 4 4 0 .0 2 2  0 .009
ANOVA Source d i S £ m E
R egression 1 1.529 x 10-4 1.529 x 10-4 1.990
R esidual 4 3 0 .0 0 3 7.684 x 10-5 p=0.1655
T o ta l 4 4 0 .003
Beta Cpgfficienl-Table
Rata -Value Std. Error t-V a lu e  o-V alue
bo -0 .0 0 7  0 .0 0 3  -2 .5 0 1  0 .0 1 6 3
b i 2.163 x 10*4 1.533 x 10-4 1.411 0 .1 6 5 5
B eta Coefficient C onfidence Intervals
Bela 95% Low 95% Up 2Q2LLS3fl£ 9Q%.Up
bo -0 .0 1 3 1  -0 .0 0 0 9  -0 .0 1 2 0  -0 .0 0 2 0
b i -9.296 x 10-5 0 .0 0 1 0  -4.149 x 10-5 4 .7 4 1 x 1 0 -4
15. Analysis Source Table
((JP-HW)Db vs Subscapular Skinfold Thickness)
Dependent Variable: (JP-HW)Db
Independent Variable(s): Subscapular Skinfold Thickness (X1)
d i  l Std. Error
4 4  0 .156 0 .0 2 4  0 .0 0 2  0 .0 0 7
AMQVA Sourcs df 3S m E
R egression  1 5.668 x 10-5 5.668 x 10-5 1.073
R esidual 4 3 0 .0 0 2 5.281 x 10-5 p=0.3060
T o ta l 4 4 0 .0 0 2
B eta Coefficient Table
B eta  V alue Std. Error i-Y.aLve. p-Value
bo 0 .006 0 .002 2 .790 0 .0 0 7 8
bi 1.317 x 10-4 1.271 x 10-4 1 .036 0 .3 0 6 0
B eta Coefficient Confidence Intervals
B eta  95% Low 90% Low 90% Ud
bo 0 .0 0 2 0 0 .0040 0 .0 0 2 6 0 .0 0 9 4
bi -1 .2 4 7 x 1 0 -4  3.881x10-4 -8 .202x10 -5  3 .4 5 4 x 1 0 -4
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16. Analysis Source Table
((DW-HW)Db vs Triceps Skinfold Thickness)
Dependent Variable: (DW-HW)Db
Independent Variable(s): Triceps Skinfold Thickness (X1)
d i  l 12- l2adi Std. Error
4 4  0 .3 4 0 0 .1 1 6 0 .0 9 5 0 .0 0 8
ANOVA Source d i SB £
R egression 1 4.004 x 10-4 4.004 x 10-4 5 .633
R esidual 4 3 0 .0 0 3 7.108 X 10-5 p=0.0222
T o ta l 4 4 0 .0 0 3
B eta C oefficient-T able 
B eta  V alue
bo -0 .0 1 0
bi 0.001
0 .003
3.326 x 10-4
Lvalue.
-3 .2 5 3
2 .373
p-Value
0.0022
0.0222
B eta Coefficient C onfidence Intervals
B a ta  95% Low 95% Up 90% Low 90% Up
bo -0 .0 1 6 1  -0 .0 0 4 0  -0 .0 1 5 0  0 .0 0 5 0
b i 1.186 x 10-4 0 .0 0 1 0  2.303 x 10-4 0 .0 0 1 0
17. Analysis Source Table
((JP-HW)Db vs Triceps Skinfold Thickness)
Dependent Variable: (JP-HW)Db
Independent Variable(s): Triceps Skinfold Thickness (X1)
d i  l {£ l2adi Std. Error
4 4  0 .1 0 0 0 .0 1 0  0 .0 1 3  0 .0 0 7
ANOVA Source d f Mi E
R egression  1 2.348 x 10-5 2.348 x 10-5 0 .438
R esidual 4 3 0 .0 0 2 5.358 x 10-5 p = 0 .5115
T o ta l 4 4 0 .0 0 2
B eta Coefficient Table
B e ta  V alue Std, Error t -V a lu e o-V alue
bo 0 .0 0 6 0 .003 2.501 0 .0163
b i 1.912 x 10-4 2.888 x 10-4 0 .6 6 2  0 .5 1 1 5
B eta Coefficient C onfidence Intervals
B e ta  95% U>W 25%lia 90% Low 90% Up
bo -5.007 x 10-5 0 .0121 0 .0 0 1 0  0 .0 1 1 0
b i -3.913 x 10-4 0 .0010  -2.944 x 10-5 0 .0010
APPENDIX C: RAW DATA
m Agatyti FIxBcpCtem) WCfCJDl
1 23 34.6 81.55
2 21 31.8 80.04
3 29 35.6 90.45
4 20 28.75 94.6
5 29 40.6 85.65
6 21 32.5 71.85
7 22 35.6 83.1
8 23 34.95 78.3
9 23 29.55 72.3
10 23 36.4 85.2
11 23 33.2 78.45
12 22 35.9 74.85
13 22 34.3 85.5
14 21 31.3 76.5
15 23 32.3 77.45
16 20 34.9 78.85
17 24 34 112
18 20 35.3 80
19 20 27.9 68.6
20 26 34.75 87.9
21 20 32.75 97.75
22 22 38.25 78.25
23 20 37.9 100.2
24 21 31.5 75.6
25 23 39.6 80.1
26 23 37.3 89.5
27 22 36.4 92.5
28 21 31.75 73.15
29 22 31.6 77.6
30 23 41.1 81.2
31 22 32.95 88.05
32 20 34.7 85.75
33 21 33.5 79.65
34 24 36.2 82.7
35 21 33.35 81.25
36 26 34.2 96.35
37 23 32 75.85
38 21 34.95 83.7
39 20 35.65 91.05
40 20 33.05 78.35
41 20 40 81.65
42 21 32.25 77.05
43 23 39.85 93.5
44 22 35.3 77.25
45 21 33.7 84.75
HCIeml
94.65 6.65 9.1
100.8 7.75 9.75
103 7.15 9.35
98.15 6.85 9.6
100.6 7.15 9.3
92.35 7.5 10
96.85 7.25 9.6
89 6.95 9
93.1 7.1 9
104.1 7.75 10
95.1 7.25 9.45
99.45 7.65 10.25
99.6 6.95 8.8
94.4 7.3 9.4
94.25 6.95 9.5
98.45 7.65 12
116.95 7.95 10.5
94.6 7.35 8.55
85.75 7.15 9.55
98.25 7.7 9.85
98.15 7.7 9.45
96.75 7.3 8.8
107.75 7.45 9
91.05 6.85 8.55
106.6 7.55 9.95
100.6 7.35 9.6
106.4 7.9 9.5
89.35 7.2 9.45
89.3 7.1 9
103.9 8.1 9.7
105.4 7.5 9.65
99.65 5.95 8.9
95.9 7.35 8.7
96.65 7.2 9
99.2 9.1 7.55
113.2 7.1 9.95
92.4 7.5 8.85
99.75 7.8 9.25
105.9 7.7 10
97.4 7.5 9.5
96.15 7.45 8.7
99.2 7.6 9.65
108.85 7.4 10.2
96.5 7.9 9.2
97.1 6.4 8.3
150
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TcpSFfmm) SSSElmm) SJSF(mm) MedCifSFtmm) ChSF(mm), AfrdSF(mm) TtoiSFImm)
5 12 22 11 11 25 20
14.5 17 21 12 20 32 2*5
11 17.5 38 15 25 30 13.5
13 44 34 16 23 39 23
7 18 14 7 10 22.5 10
4.5 6.5 5 4 4 7 5.5
5 8 7 4 4 5 6
6.5 10.5 8.5  5 7.5 8 10
5 13 8 5 10 7 10
11 16 23 9 13 21.5 12
5 7 10 6 6 6 7
6 8 6.5 6 5 6 11
6 17 18 8 12 25 10
5 11 10 4 6 10 9
8 9 11 8 6 10 10
6 11 11.5 6 6.5 11 12
19.5 42 38 14 37 40 24
8 10 8 5 6.5 7 8
3.5 6 5 3.5 5 5.5 5
5 18 19 6 7.5 14.5 6
6 10 9 3 5 8.5 6.5
4 12 9 7 7 14 6
12 39 40  5 26 38 12
8 11.5 24 8 6 18 10
7 16 12 9 12 16 11
8 17 24 6 15 25 18.5
16 22 34 10.5 21 36 20
4.5 6 5 4 4 5 6.5
6 9 9 4 6 5 8
6.5 8 8 3 5 6 7
11 25 31 6.5 22 26 16
13 22 30.5  12 15.5 33 17
13 9 25 9 11 16 15
5 12 21 4.5 10 19 9
9.5 17 23 9 13.5 25 10.5
16 20 40.5 12 23 37 25
5.5 9 16 3 8 8 6.5
8 14 7 5 6 6 9
11 14 33 10 13 31 17
7 8 10.5 6 5 8 9
3.5 11.5 11.5 3.5 7 12 7
6 10 11 4 7 8 9
13 15 36 6 19 35 17
6 12 13 5 12 13 9
7 20 20.5  9.5 15.5 19 12
1 52
BM(Kg) BSlcm) m iQ ) VYWfg) Dtt(g/ml) RLVfml) HWPWg/ml)
74.21 171 74213.62 3685.29 0.99489 1150.6 1.0657
76.6 179 76602.38 2569.74 0.99495 1846.65 1.0571
82.46 174.5 82460.52 3011.94 0.99489 1398.23 1.0524
76.83 162 76829.89 1946.64 0.99466 1158.94 1.0379
87.41 173 87408.64 4589.79 0.9947 1379.23 1.0688
68.41 179.5 68412.39 4358.64 0.99495 1618.17 1.0918
81.27 173 81266.14 5283.24 0.99473 1952.09 1.0933
69.09 172 69094.89 4680.24 0.9946 1288.53 1.0902
65.91 176 65909.89 3021.99 0.99486 1453.5 1.0689
88.55 180.5 88546.14 4348.59 0.99473 1486.58 1.0661
74.27 183 74270.51 4087.29 0.99473 1245.15 1.0731
77.85 179 77853.64 4760.64 0.99476 1511.12 1.0833
79.33 174.5 79332.39 3273.24 0.99473 1298.44 1.0569
72.85 175 72848.64 4087.29 0.99466 1452.81 1.078
74.55 183 74554.89 3303.39 0.99473 1452.81 1.0639
80.01 184 80014.89 4499.34 0.99479 1377.36 1.075
123.58 195 123409.1 2207.94 0.99476 1330.48 1.0249
75.46 174 75464.89 4730.49 0.99473 1162.46 1.0804
60.34 173 60336.14 3474.24 0.99492 1375.7 1.0837
86.27 179 86271.14 4217.94 0.99463 1594.79 1.0677
81.61 185 81607.39 5112.39 0.99483 1452.2 1.0832
77 169 77000.51 3846.09 0.9945 1280.68 1.0668
97.08 168 97077.39 2449.14 0.99486 1007.32 1.0326
66.31 172 66306.82 2205.769 0.99476 2321.01 1.0692
82.33 175 82329.55 4430.209 0.99495 1679.84 1.076
90.45 175.5 90454.55 3989.329 0.99605 1641.65 1.0633
94.77 178.5 94772.73 2446.249 0.9947 1250.09 1.0361
62.95 173 62954.54 4189.729 0.99479 1484.7 1.0951
70.11 180.5 70113.64 3768.89 0.99466 1479.61 1.0767
92.16 178.5 92159.09 5432.209 0.99489 1374.71 1.0754
91.25 187 91250 2486.33 0.99481 1600.72 1.0425
80.57 169 80568.18 2967.289 0.9946 1305.97 1.0516
72.1 173.5 72102.27 2526.409 0.99463 1545.78 1.0556
80 175.5 80000 3588.529 0.99489 1236.77 1.0601
74.2 167.5 74204.54 2466.289 0.99495 1524.27 1.0529
99.66 177 99659.1 1960.279 0.99489 1410.48 1.0307
67.78 170.5 67784.1 3287.929 0.99495 1380.68 1.0701
85.91 183 85909.1 5692.729 0.99495 1372.58 1.0854
90.05 175.5 90056.82 3648.649 0.99483 1211.71 1.0527
74.38 177 74375 3538.429 0.99463 1531.38 1.0688
83.69 178 83693.18 4630.609 0.99489 1090.86 1.0692
76.59 180 76590.91 4470.289 0.99463 1522.44 1.0805
99.32 179 99318.2 3388.129 0.9946 1025.53 1.0419
73.18 173 73181.8 3478.309 0.9946 1654.15 1.071
68.69 162.5 68693.2 2225.809 0.99479 1271.15 1.0496
153
JEDMa/inl) JtMDWa/ml) HW&Eat JP%Fat DW%Fat BSfm) m iB s n z
1.0622 1.068 14.494 16.022 13.497 1.71 25.379
1.0527 1.0496 18.244 20.199 21.623 1.79 23.907
1.0528 1.0526 20.376 20.177 20.285 1.745 27.08
1.0455 1.0319 26.937 23.447 29.711 1.62 29.275
1.0697 1.0565 13.13 12.759 18.545 1.73 29.206
1.0908 1.081 3.383 3.808 7.928 1.795 21.232
1.0917 1.076 2.772 3.431 10.049 1.73 27.154
1.0834 1.068 4.029 6.887 13.497 1.72 23.354
1.0823 1.0663 13.077 7.357 14.238 1.76 21.278
1.0685 1.0542 14.314 13.276 19.566 1.805 27.179
1.0883 1.0784 11.272 4.825 9.03 1.83 22.177
1.0863 1.0738 6.936 5.673 10.996 1.79 24.297
1.0684 1.0589 18.365 13.311 17.444 1.745 26.052
1.0843 1.0698 9.183 6.513 12.713 1.75 23.788
1.083 1.068 15.264 7.044 13.497 1.83 22.261
1.0812 1.068 10.473 7.809 13.497 1.84 23.632
1.036 1.0296 32.967 27.787 30.767 1.95 32.5
1.0872 1.0663 8.148 5.299 14.238 1.74 24.924
1.0918 1.0853 6.772 3.379 6.082 1.73 20.161
1.0808 1.0589 13.616 7.996 17.444 1.79 26.925
1.0883 1.0698 6.986 4.822 12.713 1.85 23.845
1.0826 1.0698 14 7.248 12.713 1.69 26.96
1.0506 1.0352 29.358 21.139 28.173 1.68 34.396
1.0777 1.0639 12.979 9.305 15.28 1.72 22.413
1.0737 1.0589 10.038 11.043 17.444 1.75 26.883
1.0606 1.0565 15.514 16.729 18.545 1.755 29.367
1.0495 1.044 27.743 21.632 24.152 1.785 29.744
1.0915 1.0823 2.015 3.486 7.341 1.73 21.033
1.0886 1.0717 9.753 4.718 11.882 1.805 21.519
1.0891 1.0727 10.295 4.505 11.446 1.785 28.925
1.0574 1.0456 24.799 18.146 23.421 1.87 26.095
1.0569 1.0464 20.721 18.33 23.04 1.69 28.21
1.0721 1.0603 18.935 11.721 16.86 1.735 23.952
1.0741 1.068 16.953 10.852 13.497 1.755 25.974
1.0673 1.0547 20.14 13.784 19.318 1.675 26.447
1.044 1.0456 30.253 24.148 23.421 1.77 31.811
1.0857 1.0727 12.565 5.94 11.446 1.705 23.316
1.0873 1.0603 6.058 5.248 16.86 1.83 25.653
1.0598 1.0565 20.205 17.088 18.545 1.755 29.237
1.0868 1.0717 13.137 5.458 11.882 1.77 23.742
1.0838 1.0717 12.971 6.718 11.882 1.78 26.414
1.0851 1.0698 8.139 6.198 12.713 1.8 23.639
1.0528 1.0531 25.101 20.162 20.05 1.79 30.998
1.0775 1.0663 12.168 9.414 14.238 1.73 24.451
1.069 1.0542 21.587 13.053 19.566 1.625 26.013
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VI/BS*3 BMAJ33/£3 £lf£(cni) QorSumSF JcpSF(cm) Med.QlfSF(cm)
14.841 2.422 35.2 38.813 -6.574 0.5 1.1
13.356 2.339 36 49.913 -8.762 1.45 1.2
15.519 2.458 38.5 64.854 -11.888 1.1 1.5
18.071 2.586 38.1 95.595 -18.862 1.3 1.6
16.882 2.527 39.5 38.364 -6.488 0.7 0.7
11.828 2.247 31.4 15.169 -2.353 0.45 0.4
15.696 2.467 40.15 19.674 -3.107 0.5 0.4
13.578 2.352 32.85 25.23 -4.071 0.65 0.5
12.09 2.263 30.9 25.14 -4.055 0.5 0.5
15.058 2.433 35.25 47.141 -8.205 1.1 0.9
12.119 2.264 32.8 20.459 -3.241 0.5 0.6
13.574 2.351 33.2 19.49 -3.076 0.6 0.6
14.93 2.427 34.75 39.985 -6.8 0.6 0.8
13.593 2.353 32.95 25.284 -4.081 0.5 0.4
12.165 2.267 32.15 26.038 -4.215 0.8 0.8
12.844 2.308 34.7 26.359 -4.272 0.6 0.6
16.666 2.514 40.95 86.835 -16.811 1.95 1.4
14.324 2.394 33.1 25.429 -4.106 0.8 0.5
11.654 2.236 31.15 14.264 -2.204 0.35 0.35
15.042 2.432 34.65 39.931 -6.789 0.5 0.6
12.889 2.31 35.7 22.997 -3.68 0.6 0.3
15.953 2.481 33.15 25.175 -4.061 0.4 0.7
20.474 2.694 37.25 92.181 -18.057 1.2 0.5
13.031 2.321 33.1 43.04 -7.393 0.8 0.8
15.362 2.45 38.75 34.036 -5.671 0.7 0.9
16.733 2.52 42.9 47.515 -8.279 0.8 0.6
16.663 2.516 39.7 68.644 -12.712 1.6 1.05
12.158 2.268 36.5 15.247 -2.366 0.45 0.4
11.922 2.252 36.55 22.628 -3.615 0.6 0.4
16.204 2.493 42.95 21.451 -3.412 0.65 0.3
13.954 2.372 38.75 60.974 -11.058 1.1 0.65
16.692 2.519 39.7 65.957 -12.127 1.3 1.2
13.805 2.365 36 46.101 -7.997 1.3 0.9
14.8 2.42 37.75 36.848 -6 .2 0.5 0.45
15.789 2.473 35 50.292 -8.839 0.95 0.9
17.972 2.58 45.5 73.552 -13.794 1.6 1.2
13.675 2.358 34.85 30.443 -5.008 0.55 0.3
14.018 2.376 38.55 26.968 -4.38 0.8 0.5
16.659 2.516 38.55 56.242 -10.063 1.1 1
13.413 2.342 36.15 24.517 -3.946 0.7 0.6
14.839 2.421 39.65 25.336 -4.09 0.35 0.35
13.133 2.325 40.15 25.527 -4.124 0.6 0.4
17.317 2.548 44.3 60.846 -11.031 1.3 0.6
14.134 2.383 36.3 30.495 -5.017 0.6 0.5
16.008 2.485 35.6 49.745 -8.728 0.7 0.95
155
MESQ
34.1 34.1 5.175
30.35 34.8 4.869
34.5 37 5.838
27.45 36.5 5.962
39.9 38.8 7.309
32.05 31 4.447
35.1 39.75 6.826
34.3 32.35 4.997
29.05 30.4 3.301
35.3 34.35 5.681
32.7 32.2 3.759
35.3 32.6 5.66
33.7 33.95 4.694
30.8 32.55 4.519
31.5 31.35 3.169
34.3 34.1 6.11
32.05 39.55 4.48
34.5 32.6 4.885
27.55 30.8 3.849
34.25 34.05 5.498
32.15 35.4 4.295
37.85 32.45 6.253
36.7 36.75 7.109
30.7 32.3 3.956
38.9 37.85 7.44
36.5 42.3 7.258
34.8 38.65 6.369
31.3 36.1 5.391
31 36.15 4.003
40.45 42.65 8.367
31.85 38.1 4.36
33.4 38.5 5.293
32.2 35.1 5.011
35.7 37.3 5.813
32.4 34.1 6.484
32.6 44.3 6.646
31.45 34.55 5.394
34.15 38.05 5.325
34.55 37.55 6.667
32.35 35.55 5.263
39.65 39.3 6.584
31.65 39.75 5.59
38.55 43.7 7.814
34.7 35.8 6.432
33 34.65 5.475
B3/BM.A.,33 ECTO WC/HC
40.698 1.213 0.862
42.154 1.887 0.794
40.097 0.935 0.878
38.113 0.016 0.964
38.987 0.421 0.851
43.895 2.694 0.778
39.945 0.865 0.858
41.923 1.78 0.88
43.577 2.546 0.777
40.502 1.123 0.818
43.542 2.53 0.825
41.927 1.782 0.753
40.617 1.176 0.858
41.907 1.773 0.81
43.487 2.505 0.822
42.707 2.143 0.801
39.155 0.499 0.958
41.182 1.437 0.846
44.113 2.794 0.8
40.516 1.129 0.895
42.657 2.12 0.996
39.73 0.765 0.809
36.559 -0.703 0.93
42.501 2.048 0.83
40.233 0.998 0.751
39.103 0.475 0.89
39.157 0.5 0.869
43.495 2.508 0.819
43.78 2.64 0.869
39.524 0.669 0.782
41.543 1.604 0.835
39.134 0.489 0.861
41.692 1.673 0.831
40.736 1.231 0.856
39.867 0.828 0.819
38.183 0.049 0.851
41.823 1.734 0.821
41.48 1.575 0.839
39.16 0.501 0.86
42.094 1.859 0.804
40.7 1.214 0.849
42.391 1.997 0.777
38.658 0.269 0.859
41.366 1.522 0.801
39.684 0.744 0.873
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VITA
Christopher Melancon Hearon w as born (April 12, 1966) and 
raised in Houston, Texas. While growing up in Houston, he w as 
educated  a t Ashford Elementary (grades K-2), St. Cecilia's School 
(grades 3-8) and G eorge W. Strake Memorial Jesu it College 
Preparatory (grades 9-12) from which he graduated  in 1984.
Having attended  small private schools while growing up, he chose  
to decline academ ic scholarsh ips to sm aller universities in T exas 
to a ttend one of the  larger s ta te  funded institutions. In the  fall of 
1984 he en tered  T exas Tech University in Lubbock a s  a  Physical 
Education major concentrating in Physical Education (Teaching/ 
Coaching) while pursuing a  minor in History (concentrating in 
British History). During his first sem este r a t T exas Tech he w as 
extended a  bid to pledge the  Pi Kappa Alpha Fraternity and w as 
initiated into the Pikes the  following sem este r. Shortly after the 
completion of his first year a t T exas Tech he changed his major 
concentration  to Corporate/Com m ercial Industrial F itness and 
added  an additional minor field of study in Human Health. After 
earning his B.S. in 1988, he rem ained a t Texas Tech to pursue his
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M.Ed. in Physical Education concentrating in the  Scientific Basis of 
Exercise and Human Perform ance. During his g raduate work a t 
Texas Tech he developed an interest in body composition 
a sse ssm en t and in the  field of applied statistics, two a re a s  he 
would later concentrate  on during his doctoral work. Chris earned  
his M.Ed. from Texas Tech in 1990 and accepted a  graduate 
assistan tsh ip  a t Louisiana S ta te  University to pursue his 
doctorate in Kinesiology concentrating in Exercise Physiology 
(major) and  Applied S tatistics (minor). Chris w as m arried in 
1987 to Dayla Wilson Hearon formerly of O dessa, Texas. They have 
one child, Christopher Melancon Hearon, Jr., who w as born in 1988 
in Lubbock, Texas.
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